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(57) Abstract 

Parkinson's disease (PD) is a common neurodegenerative disorder with a lifetime incidence of approximately 2 percent. It was 
recently reported that a PD susceptibility gene is located on the long arm of human chromosome four. The present invention reports 
the subsequent identification of a mutation in the alpha synuclein gene, which codes for a presynaptic protein thought to be involved in 
neuronal plasticity. The finding of a specific molecular alteration which is causative for PD will permit the detailed understanding of the 
pathophysiology of the disorder, which will lead to potential therapeutic interventions, as well as a means for diagnosing individuals having 
an increased risk of developing the disease. 



BNSDOC 1 :; • W - :• A • 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


AM 


Armenia 


FI 


Finland 


AT 


Austria 


FR 


France- 


AL 


Australia 


GA 


Gabon 


AZ 


Azerbaijan 


GB 


United Kingdom 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


BB 


Barbados 


GH 


Ghana 


BE 


Belgium 


GN 


Guinea 


BF 


Burkina Faso 


GR 


Greece 


BG 


Bulgaria 


HU 


Hungary 


BJ 


Benin 


IE 


Ireland 


BR 


Brazil 


IL 


Israel 


BY 


Belarus 


IS 


Iceland 


CA 


Canada 


IT 


Italy 


CF 


Central African Republic 


JP 


Japan 


CG 


Congo 


KE 


Kenya 


CH 


Switzerland 


KG 


Kyrgyzstan 


CI 


Cote dT voire 


KP 


Democratic People 


CM 


Cameroon 




Republic of Korea 


CN 


China 


KR 


Republic of Korea 


CU 


Cuba 


KZ 


Kazakstan 


CZ 


Czech Republic 


LC 


Saint Lucia 


DE 


Germany 


LI 


Liechtenstein 


DK 


Denmark 


LK 


Sri Lanka 


EE 


Estonia 


LR 


Liberia 



LS 


Lesotho 


SI 


Slovenia 


LT 


Lithuania 


SK 


Slovakia 


LU 


Luxembourg 


SN 


Senegal 


LV 


Latvia 


SZ 


Swaziland 


MC 


Monaco 


TD 


Chad 


MD 


Republic of Moldova 


TG 


Togo 


MG 


Madagascar 


TJ 


Tajikistan 


MK 


The former Yugoslav 


TM 


Turkmenistan 




Republic of Macedonia 


TR 


Turkey 


ML 


Mali 


TT 


Trinidad and Tobago 


MN 


Mongolia 


UA 


Ukraine 


MR 


Mauritania 


UG 


Uganda 


MW 


Malawi 


US 


United States of America 


MX 


Mexico 


uz 


Uzbekistan 


NE 


Niger 


VN 


Viet Nam 


NL 


Netherlands 


YU 


Yugoslavia 


NO 


Norway 


Z\Y 


Zimbabwe 


NZ 


New Zealand 






PL 


Poland 






PT 


Portugal 






RO 


Romania 






RL 


Russian Federation 






SD 


Sudan 






SE 


Sweden 






SG 


Singapore 







WO 98/59050 



PCT/US98/13071 



CLONING OF A GENE MUTATION 
FOR PARKINSON ' S DISEASE 



5 BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

Parkinson's disease (PD) is a common neurodegenerative 
disorder with a lifetime incidence of approximately 2 

10 percent. A pattern of familial aggregation has been 

documented for the disorder, and it was recently reported 
that a PD susceptibility gene in a large Italian kindred is 
located on the long arm of human chromosome 4 . We have 
identified a mutation in the alpha synuclein gene, which 

15 codes for a presynaptic protein thought to be involved in 
neuronal plasticity, in the Italian kindred and in three 
unrelated families of Greek origin with autosomal dominant 
inheritance for the PD phenotype. This finding of a specific 
molecular alteration which is causative for PD will permit 

20 the detailed understanding of the pathophysiology of the 

disorder. In addition, methods of screening nucleic acids 
for the presence of mutations in the synuclein gene to test 
for predisposition to Parkinson's Disease are now possible. 



2 . Technology Background 

Parkinson's disease (PD) was first described by James 
Parkinson in 1817 (1). The clinical manifestations of this 
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neurodegenerative disorder induce resting tremor, muscular 
rigidity, bradykinesia and postural instability. A 
relatively specific pathological feature accompanying the 
neuronal degeneration is the int racytcplasmi e inclusion body, 
Known as the Lewy body, which is found m many regions 
including the substantia nigra, locus ceruieus, nucleus 
oasalis, hypothalamus,, cerebral cortex, cranial nerve motor 
nuclei, and the central and peripheral divisions of the 
autonomic nervous system (1) . 

In many cases a heritable factor predisposes to the 
development of the clinical syndrome {2) . We have recently 
shown that genetic markers on human chromosome 4a2 1-g23 
segregate with the PD phenotype in a large family of Italian 
descent (3). The clinical picture of the PD phenotype in the 
Italian kindred has been well documented to be typical for 
PD, including Lewy bodies, with the exception of a relatively 
earlier age of onset of illness at 46 1 13 years. In this 
family the penetrance of tne gene has been estimated to be 
85%, suggesting that a single gene defect is sufficient to 
determine the PD phenotype . 

We now report the identification of a mutation in the 
alpna synuciein gene that is associated with Parkinson's 
disease. The mutation, an Ala^BTnr substitution, was found 
to oe linked to the PD phenotype in four independent PD 
families and absent from 314 control chromosomes, providing 
strong genetic evidence that this mutation in the human alpha 
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synuclein gene is causative for the PD phenotype in these 
families . 

The Aia53Thr substitution is localized in a region of 
the protein whose secondary structure predicts an alpha 
5 helical formation, bounded by beta sheets. Substitution of 
the alanine with threonine is predicted to disrupt the alpha 
helix and extend the beta sheet structure. Beta pleated 
sheets are thought to be involved in the self aggregation of 
proteins which could lead to the formation of amyloid like 

10 structures (6) . 

This was already tested in the case of NAC35, the 35 
amino acid peptide derived from alpha-synuclein that was 
first isolated from plaques found in patients with 
Alzheimer's disease (4) . NAC35 was shown to self aggregate 

15 and form amyloid fibril which shared the ^amyloid' 

characteristics of insolubility in aqueous solutions and 
green birefringence under polarized light, subsequent to 
Congo red staining (6) . NAC35 is located in the middle of 
the alpha synuclein molecule and extends from amino acid 61 

20 to amino acid 95. Residue 53, which is found to be mutated 
in PD, is outside the NAC35 peptide found in amyloid 
plaques. However, the true size of the NAC peptide involved 
in the plaques is not known since the protease used to 
isolate the peptide from AD tissue cuts at lysine 60 of the 

25 alpha synuclein protein. It is therefore possible that amino 
acid 53 may be part of the NAC peptide found in plaques. In 

- 3 - 
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crcsslinking experiments with oeta amyloid (Abeta) , it was 
demonstrated (6) that residues 1-56 and 57-97 specifically 
bind amyloid and that a synthetic pepticie consisting of 
residues 3 2-57 performed similarly. 

Three members of the synuclein family have been 
characterized in the rat, with SYN1 exhibiting 95% homology 
with the human alpha-synuclein protein (7) . SYN 1 of the rat 
is expressed in many regions of the brain, with high levels 
found in the olfactory bulb and tract, the hippocampus, 
dentate gyrus, habenuia, amygdala and piriform cortex, and 
with intermediate levels in the granular layer of the 
cerebellum., substantia nigra, caudate-putamen , and dorsal 
raphe (7) . This pattern of expression coincides with the 
distribution of the Lewy bodies found in brains of patients 
with Parkinson's disease. It is also interesting to note 
that decrease in olfactory sense often accompanies the 
syndromic features of Parkinson's disease, and in many cases 
it is proposed that hyposmia is a prodromic sign of the 
illness ( 8 ) . 

In the zebra-finch the homologue to alpha synuclein, 
synelfin, is thought to be involved in the process of song 
learning, suggesting a role for synuclein perhaps in memory 
and learning (9). In contrast to humans, rats have a 
threonine at residue 53 of their homologues to the human 
alpha synuclein gene (Figure 4) . Similarly, the zebra-finch 
synelfin carries a threonine at amino acid 53, whereas both 
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Bos taurus and Torpedo californica do net (10). There are no 
reports that suggest the presence of Lewy bodies in the 
brains of the rat or the zebra finch or a phenctype 
resembling that of PD. Lack of any phenotype could be 
5 explained by a combination of factors, including the 

following: the relative short life span of rodents may 
prohibit the observat ion of a late onset disorder, 
interaction with other cellular components not present in the 
rat may be required for the phenotype, absence of a critical 

10 environmental trigger in the rodents, or finally a 

heterozygous status Ala/Thr may be necessary for the 
production of a phenotype. 

Studies of early onset AD have previously documented 
that missense mutations can cause an adult onset 

15 neurodegenerative disorder. Of the 31 mutations described so 
far in the loci for presenilin 1 and 2, thirty were missense 
and one was a splice variant (11). Missense mutations in the 
prion protein have also been implicated in the amyloid 
production seen in Gerstmann-Straussler-Scheinker and 

20 Creut z f eld- Jakob diseases, both forms of spongiform 

encephalopathy (12). Studies in these neurodegenerative 
disorders have pointed to the importance of the physical 
chemical properties of mutant cellular proteins in initiating 
and propagating neuronal lesions leading to disease. Similar 

25 studies in the synuclein protein family may provide valuable 
insights into the etiology and pathogenesis of PD. 
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Similarly with the mutations in the presenilin genes in 
patients with early onset Alzheimer's disease, the mutation 
identified in the alpha synuclein gene is unlikely to account 
for the majority of sporadic and familial cases or PD. 
5 However, this mutation may account for a significant 

proportion of those families with a highly penetrant, early 
onset autosomal dominant PD pnenotype. 

All publications and patent applications herein are 
10 incorporated by reference to the same extent as if each 

individual publication or patent application was specifically 



an 



d individually indicated to be incorporated by reference 
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3 . Summary of the Invention 

As described herein, we have discovered that particular 
mutations in the alpha synuclein gene are associated with 
predisposition to Parkinson's disease. Accordingly, the 
present invention includes an isolated nucleic acid 
comprising a mutated synuclein gene. In particular, the 
isolated nucleic acid of the present invention contains at 
least one mutation in the alpha synuclein gene at base pair 
position 209 of Genbank # L08850, which, in particular, is a 
change from guanine to adenine. However, since other 
mutations in the alpha synuclein gene may also lead to 
Parkinson's Disease (PD) , other mutations are also included, 
in addition, it is conceivable that mutations in the related 
beta (46) (SEQ ID NO 11) and gamma (SEQ ID NOs 12 and 13) 
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synuclein genes may also lead to PD . Thus, mutated 
homolpQues of the alpha synuclein gene are also included in 
the present invention. Vectors comprising the isolated 
nucleic acid and host cells comprising such vectors are 
5 included as well . 

Knowledge of particular genes that are associated with 
PD allows for the search for other specific PD mutations. 
Accordingly, the present invention also includes a method of 
using a synuclein gene sequence to identify specific PD 

10 mutations. Such mutations may occur in an unrelated 

population or in a family that demonstrates passage of PD 
within the family tree. 

Since knowledge of mutations associated with Parkinson's 
disease allows the development of genetic screens that test 

15 for an individual's chances of being predisposed to the 

disease, and such tests may be performed by hybridization 
analysis using oligonucleotides complementary to the sequence 
of interest or by PCR amplification using oligonucleotides 
that are complementary to sequences flanking the mutation, 

20 the present invention also includes oligonucleotides 

complementary to a portion of the synuclein gene, wherein 
said portion comprises or flanks a mutation associated with 
predisposition to Parkinson's Disease. In particular, the 
oligonucleotides of the present invention will have a 

2 5 sequence that is complementary to a sequence from the alpha 
synuclein gene that includes or flanks base pair position 
209. And in particular, this mutation is a change from 
guanine to adenine at this position. 

- 7 - 
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Vectors comprising an isolated nucleic acid encoding a 
mutated synuclein gene will allow the production and 
isolation of the mutant protein in an appropriate host cell 
using techniques well known in the art. Alternatively, 
5 peptides may be chemically synthesized using techniques also 
well known in the art. Isolation of such a protein or 
peptides thereof will allow the study of the molecular 
mechanisms which lead to development of Parkinson's disease. 
Accordingly, the present invention also includes an isolated 
10 synuclein protein or peptide containing at least one 

mutation. In particular, this mutation is at a position 
corresponding to the fifty-third amino acid in the native 
alpha synuclein protein, and in particular, this mutation is 
an alanine to threonine substitution. 
15 Peptides corresponding to portions or the entirety of a 

synuclein gene may be useful as drugs for inhibiting the 
self -aggregation of mutant proteins that is thought to lead 
to Parkinson's disease. Accordingly, the present invention 
includes a method of testing peptides and other compounds for 
20 the ability to interfere with this self -aggregation . Self- 
aggregation can be tested using a number of established 
methods, including Congo red staining, electron microscopy 
pictures of amyloid fibrils, and circular dichroism (CD) 
spectrophotometry. Using a peptide derived from the alpha 
2 5 synuclein protein that includes the mutant TKR amino acid at 
position 53 alone or in combination with a normal peptide may 
allow testing for drugs that can inhibit the aggregation or 
dissolve an aggregate. This procedure can be used to rapidly 
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identify agents that could be used in animal studies, 
clinical trials, or as diagnostic tools. 

Possession of isolated synuclem proteins or peptides 
will also allow the isolation of specific antibodies using 
5 techniques well known in the art. Such antibodies may 

distinguish a mutant synuclein protein from its wildtype 
counterpart, and therefor could also be used in diagnostic 
screens. Alternatively, such antibodies may also be used to 
inhibit the self -aggregation of proteins during the 

10 progression of Parkinson's disease. Accordingly, the present 
invention also includes antibodies specific for a mutated 
synuclein protein or peptide. It should be understood that 
useful derivatives of such antibodies, such as Fv fragments 
and Fab fragments, are also included. 

15 The above aspects of the present invention will allow 

methods of detecting subjects at increased risk for 
Parkinson's Disease. Such a method comprises obtaining a 
sample comprising nucleic acids from the subjects, and 
detecting in the nucleic acids the presence of a mutation 

20 which is associated with Parkinson's disease. In particular, 
the mutation detected by the method of the present invention 
is located on human chromosome four, preferably in the alpha 
synuclein gene. In particular, the mutation causes an amino 
acid substitution at position 53 of the alpha synuclein gene, 

25 which is, in particular, an alanine to threonine 
substitution . 

The detecting step of the method of the present 
invention may be accomplished several different ways as will 

- 9 - 
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be described in further depth below. All such methods are 
well known to those of ordinary skill in the art. 

For instance, said detecting step may comprise combining 
a nucleotide probe which selectively hybridizes to a nucleic 
acid containing a mutation associated with a predisposition 
to Parkinson's disease, and detecting the presence of 
hybridization. Such a probe may be an oligonucleotide that 
is complementary to a portion of the synuclein gene, wherein 
said portion comprises the mutation. In particular, such an 
oligonucleotide is complementary to a mutated alpha synuclein 
gene having at least one mutation at base pair position 209. 
In particular, this mutation is a change from guanine to 
adenine . 

The detecting step of the method of the present 
invention may also comprise amplifying a nucleic acid product 
comprising said mutation, and detecting the presence of said 
mutation in the amplified product using any nucleic acid 
sequencing procedure known in the art. Alternatively, the 
detecting step may comprise selectively amplifying a nucleic 
acid product comprising said mutation, and detecting the 
presence of amplification using any appropriate method known 
in the art. Such methods include gel electrophoresis of 
amplified nucleic acids, and detection of radiolabeled 
amplified nucleic acids using autoradiographic film or any 
other detection method known in the art. 

The amplifying step of the present invention may be 
performed using the polymerase chain reaction (PCR) , reverse 
transcriptase PCR (RTPCR) , or any other type of PCR reaction 

- 10- 
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known in the art. Accordingly, such a step will comprise at 
least one annealing step whereby at least one oligonucleotide 
is annealed to said sample of nucleic acids. In particular, 
said amplifying step uses two oligonucleotides. And in 
particular, the two oligonucleotides have the sequences given 
in SEQ ID NOs 2 and 3 . 

Alternatively, the detecting step of the method of the 
present invention comprises detecting the presence or absence 
of a restriction endonuclease site as detected by enzymatic 
digest of a nucleic acid sample. Such a detecting means will 
be possible when a mutation associated with a predisposition 
to Parkinson's disease results in a sequence having a new 
restriction endonuclease cleavage site, or loss of a native 
restriction endonuclease site. In particular, the mutation 
associated with Parkinson's disease results in the formation 
of a non-native Tsp45I restriction endonuclease site. 

Alternatively, the detecting step of the present 
invention may be performed using a gene-specific primer and 
subsequent chain termination at the position of the mutation 
using DNA polymerase and labeled nucleotides or 

dideoxynucleot ides . The presence of nucleic acids in which a 
dideoxynucleot ide corresponding to the mutation of interest 
is incorporated at the appropriate position may be detected 
by any means known in the art, including detection of 
radiolabeled dideoxynucleot ides using, for example, 
autoradiographic film, or detection of fluorescent ly- labeled 
dideoxynucleot ides . 

Since the methods and compounds of the present invention 
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will be useful in diagnostic screening procedures aimed at 
identifying individuals having a predisposition for 
Parkinson's disease, the present invention also includes 
diagnostic kits which include the compounds of the present 
5 invention in a form that allows such compounds to be used 
quickly and easily for the designated purpose. 

Finally, the inventors also contemplate that the 
isolated nucleic acid, oligonucleotides and antibodies of the 
oresent invention may eventually be used in methods directed 
10 at the correction or suppression of Parkinson's aisease. For 
example, oligonucleotides or expression vectors oesigned from 
the synuclein nucleic acid sequences of the present invention 
may one day be used in antisense therapy directed at 
inhibiting expression of the mutated synuclein protein in 
15 patients with Parkinson's disease, or in individuals having a 
predisposition for Parkinson's disease. Similarly, 
antibodies specific for the mutated synuclein protein may be 
useful in therapies directed at inhibiting the self- 
aggregation of mutated proteins cr peptides in patients 
20 having Parkinson's disease. Knowledge of gene(s) associated 
with the development of Parkinson's disease may also allow 
the design of transgenic animals which express the mutant 
gene(s). Such animals may serve as a useful disease model, 
allowing one to test the effects of candidate therapies and 
25 therapeutic compositions in the treatment or inhibition of 
Parkinson's disease. 
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A detailed description of the present invention is now 
provided, and should not be considered as limiting on the 
present invention as described above. 

4 . Brief Description of the Drawings 

Figure 1 . 

DNA sequence of the PCR product used for mutation 
detection (SEQ ID NO 1) . Oligonucleotide primers are shown 
by arrows and the numerals 3 and 13 (SEQ ID NO 2 and 3) . 
Intron sequence is shown in lower case and exon sequence in 
upper case. Amino acid translation of the exon is shown 
below the DNA sequence. The circled base represents the 
G209A change in the mutant allele. The resulting amino acid 
Ala53Thr change is represented by the circled amino acid. The 
newly created Tsp4 5 I site is indicated above the DNA 
sequence . 

Figure 2 . 

Mutation analysis of the G209A change is shown in a 
20 subpedigree of the Italian kindred. Filled symbols represent 
affected individuals. Numerical identifiers, denote the 
individuals immediately above. Tsp4b I digestion of PCR 
products is shown at the bottom of the figure, and fragment 
sizes are indicated on the right in base pairs. 

2 5 

Figure 3 . 
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Mutation analysis of the G209A change in RT PGR products 
(7). Lane 1: 100 bp ladder, lanes 2 and 3 normal control, 
lanes 4 and 5 ?D patient, lane 6 negative control without RT 
enzyme. Sizes are indicated on the right in base pairs. Lanes 
5 2 and 4 show uncut DNA and lanes 3 and 5 show DMA cut with 
TspA 5 I . 

Figure 4 . 

Sequence alignments of alpha synuciein homoiogues in 
10 different species. Accession number- for the sequences used 
were as follows: Homo sapiens Swiss-Prct P3784C (SEQ ID NO 
4), Rattus norvegicus Swiss-Prot P37377 (SEQ ID NO 5), Bos 
taurus Swiss-Prot P33567 (SEQ ID NO 6), Serinus canaria 
genbank L33860 (SEQ ID NO 7), Torpedo californica Swiss-Prot 
P37379 ( SEQ ID NO &). Numbering on top of the alignments is 
according to the human sequence. Amino acid 53, which is the 
site of the Ala53Thr change, is circled. 

Figure 5. 

>0 The pedigree of a large family with PD (3) . The 

clinical and pathological features of some members of this 
kindred were previously reported. 

Figuire 6. 

25 Multipoint LOD score analysis between chromosome 4q 

markers and the PD locus. 
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Figure 7 . 

A table of human synuclein clones identified from 
various databases. Columns labeled 5' and 3' show the 
sequence acquisition numbers. Clones were identified by 
5 homology to protein or nucleic acid sequence. Human gamma 
clones were identified by homology to known mouse and rat 
gamma synuclein sequences. 

Figure 8 . 

10 Sequence of BAG clone 139A20 for human beta synuclein. 

BAG clone was isolated using primers to known database 
sequences described in Figure 7. The sequence shown includes 
ail coding exon sequences and some non-coding intronic 
sequences. (3EQ ID N0:11) 

15 

Figure 9. 

Sequence from the 5' end of BAC clone 174P13 for human 
gamma synuclein. The BAC clone was isolated with primers 
from the database sequences described in Figure 7. (SEQ ID 
20 NO:12) 

Figure 10. 

Sequence from the 3' end of BAC clone 174P13 for human 
gamma synuclein. BAC clone was isolated as described in 
25 Figure 9. The entire human gamma synuclein gene has now been 
sequenced and has been deposited in GenBank: accession number 
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AFC44311 . (SEQ ID NO: 13) 
Figure II. 

Sequence cf axons 1-7 cf the human alpha synuclexn gene, 
plus some flanking intronic sequence for each exon. (SEQ ID 
NOs 14-19) 

5 . Detailed Description of the Invention 
Definitions 

Unless defined otherwise, all technical and scientific 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials similar 
or equivalent to those described herein can be used in the 
practice or testing of the present invention, the preferred 
methods and materials are described. For purposes of the 
present invention, the following terms are defined below. 

This invention provides a method of diagnosing or 
predicting a predisposition to Parkinson's disease. The 
method comprises detecting in a sample from a subject the 
presence of a mutation, for example, in nucleotide position 
2 09 of the human alpha synuclein gene. The presence of the 
mutation indicates the presence of or a predisposition to 
Parkinson's disease. 

As used herein, the term "gene" primarily relates to a 
coding sequence, but can also include some or all of the 
surrounding or flanking regulatory regions or introns . The 
term "gene" specifically includes artificial or recombinant 
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genes created from cDNA or genomic DNA , including recombinant 
genes based upon splice variants. 

As used herein, the term "synuclein" gene or protein may 
refer to the alpha synuclein gene or any homologue thereof. 
A "homologue" is understood to mean any related gene or 
protein that is at least 25% homologous to the alpha 
synuclein gene or protein or performs a related function. 
Preferably, a synuclein gene or protein refers to alpha, beta 
or gamma synuclein, but most preferably refers to alpha 
synuclein . 

As used herein, an "isolated nucleic acid" is a 
ribonucleic acid, deoxyribonucleic acid, or nucleic acid 
analog comprising a polynucleotide sequence that has been 
isolated or separated from sequences that are immediately 
contiguous, i.e. on the 5' and 3' ends, in the naturally 
occurring genome of the organism from which it is derived. 
The term therefor includes, for example, a recombinant 
nucleic acid which is incorporated into a vector, into an 
autonomously replicating plasmid or virus, or into the 
genomic DNA of a prokaryote or eukaryote, or which exists as 
a separate molecule independent from any other sequences. 

An isolated nucleic acid of the present invention may be 
" operat lvely linked" to an expression control sequence or 
regulatory region. As used herein, " operat ively linked" 
means that the components are joined in such a way that the 
expression, transcription or translation of the sequence is 
under the influence or control of the regulatory region. 

As used herein, a "predisposition" to Parkinson's 
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disease means an increased probability of developing 
Parkinson's disease during the subject's lifetime as compared 
to the average individual . 

Pertaining to this probability, a LOD score is a measure 
of genetic linkage used herein, defined as the log :: ratio of 
the probability that the data would have arisen if the loci 
are linked to the probability that the data could have arisen 
from unlinked loci. The conventional threshold for declaring 
linkage is a LOD score of 3.0, that is, a 1000:1 ratio (which 
must be compared with the 50:1 probability that any random 
pair of loci will be unlinked) . 

As used herein, reference to "base pair position" or 
"amino acid position" when referring to an isolated nucleic 
acid, probe, protein or peptide always indicates the relative 
position in the native gene or protein. 

A "probe" refers to a nucleic acid which has sufficient 
nucleotides surrounding the codons at the mutation positions 
to distinguish the nucleic acid from nucleic acids encoding 
non-related genes. The specific length of the nucleic acid is 
a matter of routine choice based on the desired function of 
the sequence. For example, if one is making probes to detect 
the mutation in base pair position 209, the length of the 
nucleic acid is preferably small, but must be long enough to 
prevent hybridization to undesired background sequences. 
However, if the desired hybridization is to a nucleic acid 
which has been amplified, background hybridization is less of 
a concern and a smaller probe can be used. In general, such a 
probe will be between 10 and 100 nucleotides, especially 
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between 10 and 40 and preferably between 15 and 25 
nucleotides in length. It is apparent to one of skill in the 
art that nucleotide substitutions, deletions, and additions 
may be incorporated into the polynucleotides of the 
invention. However, such nucleotide substitutions, deletions, 
and additions should not substantially disrupt the ability of 
the polynucleotide to hybridize under conditions that are 
sufficiently stringent to result in specific hybridization. 

As used herein with respect to genes, "the term "normal" 
refers to a gene which encodes a normal protein. As used 
herein with respect to proteins, the term "normal" means a 
protein which performs its usual or normal physiological role 
and which is not associated with, or causative of, a 
pathogenic condition or state. Therefor, the term "normal" 
is generally synonomous with the phrase "wild type" . 

For any given gene or corresponding protein, a 
multiplicity of normal allelic variants may exist, none of 
which is associated with the development of a pathogenic 
condition or disease state. Such normal allelic variants 
include, but are not limited to, variants in which one or 
more nucleotide substitutions do not result in a change in 
the encoded amino acid sequence. 

As used herein, the term "mutation" generally refers to 
a mutation in a gene that is associated with a predisposition 
to Parkinson's disease. "Mutant" can specifically refer to a 
mutation at nucleotide position 209 of the synuclein gene, 
and is in particularly a G to A transition. However, other 
mutations in the synuclein gene or other genes which are 
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associated with a predisposition to Parkinson's disease are 
also encompassed. Furthermore/ the term "mutation" is not 
limited to transition mutations, but can also mean a 
deletion, insertion or transversion as well. 

The term "mutant", as it applies to synuclein genes, is 
not intended to embrace sequence variants which, due to the 
degeneracy of the genetic code, encode proteins identical to 
the normal sequences dxsclosed or otherwise enabled herein; 
nor is it intended to embrace sequence variants which, 
although they encode different proteins, encode proteins 
which are functionally equivalent to normal synuclein 
proteins. The term "mutant" means a protein which does not 
perform its usual or normal physiological role and which is 
associated with, or causative of, a pathogenic condition or 
state . 

Since a mutation can be a substitution, deletion or 
insertion, a mutated synuclein "protein" is understood to 
refer to the amino acid sequence resulting from any such 
mutation whether the resulting protein is shorter, longer or 
modified, i.e. due to an alteration in reading frame or 
generation of stop codon. In addition, "peptide" is 
understood to refer to a portion of the mutated protein that 
is preferably at least five base pairs long, and more 
preferably at least 10 base pairs long. This portion may be 
derived from the amino or carboxyl terminus, or it may be an 
internal portion of the full length protein. As such, a 
peptide may be chemically synthesized using any method known 
in the art, or may be made using a recombinant DNA technology 



WO 98/59050 PCT/US98/13071 

and an appropriate purification scheme or isolated from the 
native protein using enzymatic digestion. 

As used herein, the term "substantially pure" means a 
preparation which is at least 60% by weight the compound of 
interest. Preferably the preparation is at least 75%, more 
preferably 90%, and most preferably at least 99%, by weight 
the compound of interest. Purity can be measured by any 
appropriate method, i.e. column chromotography , gel 
electrophoresis or HPLC analysis. 

"Specific or selective hybridization" as used herein 
means the formation of hybrids between a probe nucleic acid 
(e.g., a nucleic acid which may include substitutions, 
deletions, and/or additions) and a specific target nucleic 
acid (e.g., a nucleic acid having the mutated sequence), 
wherein the probe preferentially hybridizes to the specific 
target such that, for example, a band corresponding to the 
mutated DNA or restriction fragment thereof can be identified 
on a Southern blot, whereas a corresponding normal or 
wild-type DNA is not identified or can be discriminated from 
a variant DNA on the basis of signal intensity. Hybridization 
probes capable of specific hybridization to detect a 
single-base mismatch may be designed according to methods 
known in the art (13-17) . 

"Stringent" as it refers to hybridization conditions is 
a term of art understood by those of ordinary skill to refer 
to those conditions of temperature, chaotrophic acids, buffer 
and ionic strength which permit hybridization of a particular 
nucleic acid sequence to its complementary sequence and not 
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to substantially different sequences. The exact conditions 
which constitute "stringent" conditions depend on the nature 
of the nucleic acid sequence, the length of the sequence, and 
the frequency of occurrence of subsets of that sequence 
within other non- identical sequences. By varying 
hybridization conditions from a level of stringency at which 
non-specific hybridization occurs to a level at which only 
specific hybridization occurs, one of ordinary skill in the 
art can, without undue experimentation, determine conditions 
which will allow a given sequence to hybridize only with 
complementary sequences . 

Suitable ranges of stringency conditions are described 
in Sambrook et al . (13). Hybridization conditions, depending 
on the length and commonality of a sequence, may include 
temperatures of 20°C-65°C and ionic strengths from 5X to 0 . IX 
SSC. Highly stringent hybridization conditions may include 
temperatures as low as 40°C-42°C (when denaturants such as 
formamide are included) or up to 60°C-65°C in ionic strengths 
as low as 0 . IX SSC . These ranges are, however, only 
illustrative and, depending on the nature of the target 
sequence, and possible future technological developments, may 
be more stringent than necessary. Appropriate conditions may 
be determined for each specific nucleic acid sequence or 
oligonucleotide probe using standard control and a level of 
experimentation that is not considered to be undue by those 
of skill in the art. 
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V 

As discussed below in greater detail, the mutation can 
be detected by many methods. For example, the detecting step 
can comprise combining a nucleotide probe capable of 
selectively hybridizing to a nucleic acid containing the 
mutation with a nucleic acid in the sample and detecting the 
presence of hybridization. Additionally, the detecting step 
can comprise amplifying the nucleotides surrounding and 
including the mutation and detecting the presence of the 
mutation in the amplified product, or selectively amplifying 
the nucleotides of the mutation and detecting the presence of 
amplification. Finally, the detecting step can comprise 
detecting the presence or absence of a restriction fragment 
created by an enzyme digest of the sample nucleic acid, or 
any other detection means known in the art. 

Detection Techniques 

Once the location of a PD-relevant mutation is known, 
the methods to detect such a mutation are standard in the 
art. The sequence of various nucleotide probes can be 
determined from the known sequence of the relevant gene, 
especially the sequences surrounding the mutation. 

Detection of point mutations using direct probing involves 
the use of oligonucleotide probes which may be prepared, for 
example, synthetically or by nick translation. The probes may 
be suitably labeled using, for example, a radio label, enzyme 
label, fluorescent label, biot in - avidin label and the like 
for subsequent visualization by any appropriate assay, i.e. 
Southern blot hybridization. In this procedure, the labeled 
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probe is reacted with sample DNA that: is bound, for example, 
to a nylon filter under conditions such that only fully 
complementary sequences hybridize. The areas that carry DNA 
sequences complementary to the labeled DNA probe become 
labeled themselves as a consequence of the reannealing 
reaction. The areas of the filter that exhibit such labeling 
may then be visualized, for example, by autoradiography. 

Methods of manipulating hybridization conditions to 
achieve varying degrees of specificity are well known in the 
art. For example, tetra-alkyl ammonium salts may be used to 
bind selectively to A-T base pairs, thus displacing the 
dissociation equilibrium and raising the melting temperature. 
At 3M Me 4NC1 , this is sufficient to shift the melting 
temperature to that of G-C pairs. This results in a marked 
sharpening of the melting profile. The stringency of 
hybridization in such an experiment is usually 5°C below the 
Ti (the irreversible melting temperature of the hybrid formed 
between the probe and its target sequence) for the given 
chain length. For a 20mer oligonucleotide probe, the 
recommended hybridization temperature is about 58°C. The 
washing temperatures are unique to the sequence under 
investigation and need to be optimized for each variant. 

There are certainly other ways known in the art for 
adjusting hybridization conditions in view of desired 
specificity. For instance, although hybridization may be 
carried out in accordance with conventional hybridization 
methods under suitable conditions with respect to e.g. 
stringency, incubation time, temperature, etc, the choice of 
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conditions will depend on the desired degree of 
complementarity between the fragments to be hybridized. A 
high degree of complementarity requires more stringent 
conditions such as low salt concentrations, low ionic 
strength of the buffer and higher temperatures, whereas a low 
degree of complementarity requires less stringent conditions, 
e.g. higher salt concentration, higher ionic strength of the 
buffer or lower temperatures, for the hybridization to take 
place . 

The support to which DNA or RNA fragments of the sample 
to be analyzed are bound in denatured form is preferably a 
solid support and may have any convenient shape. Thus, it 
may, for instance, be in the form of a plate, e.g. a thin 
layer or a microtiter plate, a strip, a solid particle e.g. 
in the form of a bead such as a latex bead, a filter, a film 
or paper. The solid support may be composed of a polymer, 
preferably nylon or nitrocellulose. 

Alternative probing techniques, such as ligase chain 
reaction (LCR) , may involve the use of mismatch probes, i.e., 
probes which are fully complementary with the target except 
at the point of the mutation. The target sequence is then 
allowed to hybridize both with oligonucleotides which are 
fully complementary and have oligonucleotides containing a 
mismatch, under conditions which will distinguish between the 
two. By manipulating the reaction conditions according to the 
above considerations, it is possible to obtain hybridization 
only where there is full complementarity. If a mismatch is 
present there is significantly reduced hybridization. 
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The polymerase chain reaction (PCR) is a technique that 
amplifies specific DNA sequences with remarkable efficiency. 
Repeated cycles of denaturat ion , primer annealing and 
extension carried out with Taq polymerase, e.g., a heat 
stable DNA polymerase, leads to exponential increases in the 
concentration of desired DNA sequences. Given a knowledge of 
the nucleotide sequence of the mutations, synthetic 
oligonucleotides can be prepared which are complementary to 
sequences which flank the DNA of interest. Each 
oligonucleotide is complementary to one of the two strands. 
The DNA is denatured at high temperatures (e.g., 95°C) and 
then reannealed in the presence of a large molar excess of 
oligonucleotides. The oligonucleotides, oriented with their 
3' ends pointing towards each other, hybridize to opposite 
strands of the target sequence and prime enzymatic extension 
along the nucleic acid template in the presence of the four 
deoxyribonucleotide triphosphates. The end product is then 
denatured again for another cycle. After this three-step 
cycle has been repeated several times, amplification of a DNA 
se g ment by more than one million- fold can be achieved. The 
resulting DNA may then be directly sequenced in order to 
locate any genetic alteration. Alternatively, it may be 
possible to prepare oligonucleotides that will only bind to 
altered DNA, so that PCR will only result in multiplication 
of the DNA if the mutation is present. Following PCR, direct 
visualization or allele- specif ic oligonucleotide 
hybridization (18) may be used to detect the Parkinson's 
disease point mutation. Alternatively, PCR may be followed 
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IS 

by restriction endonuclease digestion with subsequent 
analysis of the resultant products. 

As shown in the examples, the substitution of G for A at 
base pair 209 of the synuclein, results in the gain of a 
Tsp45I site. The gain of this restriction endonuclease 

recognition site facilitates the detection of the Parkinson's 
disease mutation using restriction fragment length 
polymorphism (RFLP) analysis or by detection of the presence 
or absence of the restriction site in a PCR product that 
spans base pair position 209. 

For RFLP analysis, DNA is obtained, for example from the 
blood cells of the subject suspected of having Parkinson's 
disease and from a normal subject, is digested with a 
restriction endonuclease, and subsequently separated on the 
basis of size by agarose gel electrophoresis. The Southern 
technique can then be used to detect, by hybridization with 
labeled probes, the products of endonuclease digestion. The 
patterns obtained from the Southern blot can then be 
compared. Using such an approach, an additional restriction 
endonuclease site, such as a Tsp45I site, is detected by 

determining the number of bands detected and comparing this 
number to the normal subject. 

The creation of a new restriction site as a result of a 
nucleotide substitution at a disclosed mutation site can be 
readily determined by reference to the genetic code and a 
list of nucleotide sequences recognized by restriction 
endonucleases (19) . 

In general, primers for PCR are usually about 20 bp in 
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length; and are most preferably 15-25 bp. Denaturat ion of 
strands usually takes place at 94 °C. ana extension from the 
primers is usually at 72°C. The annealing temperature varies 
according to the sequence under investigation. Examples of 
reaction times are: 20 mins denaturing; 35 cycles of 2 mm, 1 
min, 1 min for annealing, extension and denaturat ion ; and 
finally a 5 min extension step. 

PCR "amplification of specific alleles" (PASA) may also 
be used to detect the presence of the PD mutation. PASA is a 
rapid method of detecting single-base mutations or 
polymorphisms (22-28) . PASA (also known as allele specific 
amplification) involves amplification with two 

oligonucleotide primers such that one is allele-specif ic . The 
desired allele is efficiently amplified, while the other 
allele (s) is poorly amplified because it mismatches with a 
base at or near the 3' end of the allele-specif ic primer. 
Thus, PASA or the related method of PAMSA may be used to 
specifically amplify the mutation sequences of the invention. 
Where such amplification is done on genetic material (or RNA) 
obtained from an individual, it can serve as a method of 
detecting the presence of the mutations. 

As mentioned above , a method known as 1 igase chain 
reaction (LCR) can be used to successfully detect a 
single-base substitution (29, 30) . LCR probes may be 
combined or multiplexed for simultaneously screening for 
multiple different mutations. Thus, LCR can be particularly 
useful where multiple mutations are predictive of the same 
disease . 
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Finally, the Parkinson's disease mutation of the present 
invention may also be detected using chain termination with 
labeled dideoxynucleot ides . For instance, U.S. Patent No. 
5,047,519 to Hobbs et al . discloses fluorescent ly- labeled 
nucleotides as chain- terminating substrates for a 
fluorescence-based DNA sequencing method. With such 
substrates and knowledge of the gene sequence of interest, it 
is possible to design an assay using a gene-specific primer 
to initiate a polymerase reaction immediately flanking the 
position of the mutation, employing color-coded 
dideoxynucleotide terminators such that the specific 
nucleotide at the position of the mutation may be easily 
determined via a colorimetric assay. 



Transgenic Animals and Cell Lines 

Having identified subjects having a predisposition to 
Parkinson's disease associated with a specific mutation, the 
subjects can participate in the screening of putative agents 
capable of treating Parkinson's disease. This method 
comprises administering the test agent to the subject, which 
may be a human, which has a mutation in a gene associated 
with Parkinson's disease and monitoring the effect of the 
agent on the subject's condition. If the symptoms of 
Parkinson's disease improve, the agent can be used as a 
treatment for the disease. 

In addition, it is possible to develop transgenic model 
systems and/or cell lines containing the mutated nucleic 
acid(s) for use, for example, as model systems for screening 
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for drugs and evaluating drug efficiency. Additionally, such 
model systems provide a tool for defining the underlying 
biochemistry of, for instance, the mutated synuclein gene, 
thereby providing a rationale for drug design. 

One approach to creating transgenic animals is to mutate 
the animal gene of interest by in vivo mutagenesis, transfer 
the mutant gene into embryonic stem cells by DNA transfection 
and inject the embryonic stem cells into blastocysts in order 
to retrieve offspring which carry the disease-causing 
mutation (31) . Alternatively, the technique of microinjection 
of the mutated gene, into a one-cell embryo followed by 
incubation in a foster mother can be used. Alternatively, 
viral vectors, e.g., Adeno-associated virus, can be used to 
deliver the mutated gene to a stem cell, or may be used to 
target specific cells of a fully developed animal (32,33). 



Antibodies and Recombinant Expression of Polypeptides 

When the mutated gene product is a polypeptide, e.g. the 
209 mutation, it can be used to prepare antisera and 
monoclonal antibodies using, for example, the method of 
Kohler and Milstein (34). Such monoclonal antibodies could 
then form the basis of a diagnostic test, or may even be 
useful in therapies directed toward inhibiting the action of 
the mutant protein in a patient with Parkinson's disease. 

Mutant polypeptides can also be used to immunize an 
animal for the production of polyclonal antiserum (35) . For 
example, a recombinant ly produced fragment of a variant 
polypeptide can be injected into a mouse along with an 
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adjuvant so as to generate an immune response. Murine 
immunoglobulins which specifically bind the recombinant 
fragment can be harvested from the immunized mouse as an 
antiserum, and may be further purified by affinity 
5 chromatography or other means. Additionally, spleen cells are 
harvested from the mouse and fused to myeloma cells to 
produce a bank of ant ibody- secreting hybridoma cells, which 
can then be screened for clones that secrete immunoglobulins 
which bind the recombinant ly produced fragment with an 

10 increased affinity. More specifically, immunoglobulins that 
selectively bind to the variant polypeptides but poorly or 
not at all to wild-type polypeptides are selected, either by 
pre-absorption with wild-type proteins or by screening of 
hybridoma cell lines for specific idiotypes that bind the 

15 variant but not wild- type. 

These antibodies can be used to screen protein and 
tissue samples for the presence of mutated proteins. A 
colored enzymatic reaction occurs when the specific antibody 
remains bound to its target protein, in situ, after thorough 

20 washing, as directed by established protocols. 

Gene expression 

The nucleic acid sequences of the present invention will 
be capable of expressing the desired mutant or normal 
25 polypeptides in an appropriate host cell. For expression in 
host cells, the DNA sequences of the present invention will 
be operably linked to, i.e., positioned to ensure the 
functioning of, an expression control sequence. For example, 
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such polynucleotides can include a promoter, a transcription 
termination site (polyadenylation site in eukaryotic 
expression hosts) , a ribosome binding site, and, optionally, 
an enhancer for use in eukaryotic expression hosts . In 
addition, the DNA sequence of the present invention may also 
be fused such that the reading frame is conserved to an 
appropriate signal sequence to facilitate export of the 
encoded protein across the cell membrane. 

Expression vectors are typically replicable in the host 
organisms either as epi somes or as an integral part of the 
host chromosomal DNA. A variety of suitable expression 
vectors are disclosed in Sambrook et al. (13) . Commonly, 
expression vectors will contain selection markers, e.g., 
tetracycline resistance or hygromycin resistance, to permit 
detection and/or selection of those cells transformed with 
the desired DNA sequences . 

E . col i is one prokaryot ic host that is particularly 
useful for cloning and expression of the DNA sequences of the 
present invention because of the wide variety of available 
expression systems. Vectors suitable for use in E. coli are 
known and are commercially available, i.e. pBR322 (13), 
pBLUESCRIPT (Stratagene) , etc. Also, a variety of different 
types of expression systems may be used, including plasmids, 
cosmids, bacteriophage lambda, etc. Other microbial hosts 
suitable for use include bacilli, such as Bacillus subtilus, 
and other enterobacteriaceae , such as Salmonella , Serratia , 
and various Pseudomonas species. Expression vectors for use 
in prokaryotic host cells will typically contain expression 
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control sequences compatible with the host cell (e.g., an 
origin of replication) . In addition, any of a variety of 
well-known promoters may be used, such as the lactose 
promoter system, a tryptophan (Trp) promoter system, a 
beta- lactamase promoter system, or a promoter system from 
phage lambda. A promoter may optionally contain an operator 
sequence for regulatable gene expression, and will have a 
ribosome binding site sequence for the initiation of 
translation . 

In addition to microorganisms, mammalian tissue cell 
culture may also be used to express and produce the 
polypeptides of the present invention (36) . Vectors for use 
in eukaryotic cells are known and commercially available, 
i.e. pcDNA3 ( Invi t rogen) . Eukaryotic cells are actually 
preferred, and a number of suitable host cell lines capable 
of secreting intact human proteins have been developed in the 
art, including CHO cells, COS cells, HeLa cells, myeloma cell 
lines, Jurkat cells, etc. Promoters for use in eukaryotic 
vectors may be cell - specif ic , or capable of being expressed 
in a wide variety of cells, i.e. viral promoters. 

Expression vectors of the present invention (e.g., 
comprising nucleic acid sequences encoding a mutant or normal 
polypeptide) can be transferred into the host cell by 
well-known methods, which vary depending on the type of 
cellular host. For example, calcium chloride transfection is 
commonly utilized for prokaryotic cells, whereas calcium 
phosphate treatment or electroporat ion may be used for other 
cellular hosts. 
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Kits 

The method lends itself readily to the formulation of 
test kits which can be utilized in diagnosis. Such a kit 
would comprise a carrier compartmentalized to receive in 
close confinement one or more containers wherein a first 
container may contain suitably labeled DNA probes. Other 
containers may contain reagents useful in the localization of 
the labeled probes, such as enzyme substrates. Still other 
containers may contain restriction enzymes (such as Tsp45I) , 

buffers, etc., together with instructions for use. 



DESCRIPTION OF THE INVENTION 

Detailed Description of the Preferred Embodiments 

The f ol lowing laboratory procedures were used : 
15 DNA samples were collected upon informed consent. High 

molecular weight genomic DNA was isolated from whole-blood 
lysate by methods previously described (38) . Genotyping was 
performed as previously described (39). Pairwise linkage 
analysis was performed using the MLINK program of the 
20 FASTLINK package (40-42) . Allele frequencies were used as 

reported in the Genomic Data Base (http://gdbwww.gdb.org) and 
the Cooperative Human Linkage Consortium (CHLC) database 
(http://www.chlc.org) . Multipoint analysis was performed 
using the LINKMAP program of the FASTLINK package. For the 
25 multipoint analysis allele frequencies were set to l/n where 
n equals the number of alleles observed. In the two point 
analysis LOD scores were calculated for both the reported 
and the l/n allele frequencies with minimal effect on the 
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maximum LOD score observed. Simulations of multipoint 
analysis in a subset of the pedigree with different allele 
frequencies similarly indicated no significant effect on the 
scores calculated. Maximum LOD scores as shown were observed 
5 for the heterozygote and homozygote disease allele penetrance 
set to 0.99, which is similar to the PD allele penetrance 
previously reported ranging from 0.88 to 0.94 (3). All 
unaffected individuals used in the study were of age above 
the mean for onset of illness. Disease allele frequency was 
10 set to 0.0001. Distances and order of genetic markers were 
set as reported in the CHLC database. Overlapping three 
point analysis was performed for markers D4S2361 , D4S1647 , 

D4S421 and the PD locus. The 12 allele D4S2380 locus was not 

included because of prohibitive time run. Multipoint 
15 analysis was performed on an IBM SP2 parallel computer and 
the SGI Challenge machine . 

For mutation analysis genomic DNA was amplified with 
oligonucleotides (3): 5 ? G C TAATC AGC AATTT AAGG C TAG 3' ( SEQ ID 
NO 2) and (13) : 5' GATATGTTCTTAGATGCTCAG 3' (SEQ ID NO 3 ) of 
20 genbank ID: U46898, under standard PCR conditions. Sequence 
analysis was performed using the Perkin Elmer dye terminator 
cycle sequencing kit on an ABI 373 fluorescent sequencer 
(ABI , Foster City, CA) . Restriction digestion was performed 
following the PCR with Tsp45 I according to manufacturer's 

25 protocol (New England Biolabs, Beverly, MA) . The digested 
PCR products were elect rophoresed on a 6% Visigel 
(Stratagene, La Jolla, CA) , and visualized by ethidium 
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bromide staining. Pedigree structure in Figure 2 has been 
slightly modified in order to protect patient 
confidentiality. 

Total RNA was extracted from the lymphoblastoid cell 
line of an affected individual and first strand synthesis was 
performed by oligo dT priming (Gibco BRL, Gai thersburg , MD) . 
Primers (IF) 5 1 ACGACAGTGTGGTGTAAAGG 3' (SEQ ID NO 9) and 
(13R) 5' AACATCTGTCAGCAGATCTC 3' (SEQ ID NO 10) corresponding 
to nucleotides 21-40 and 520-501 of genbank L08850 were used 
to amplify a product of 500 bp containing the mutation at 
nucleotide 209. PCR products were subjected to restriction 
digestion by Tsp45 I. The mutation at nt 209 creates a novel 
Tsp45 I site (Figure 1) , so that the normal allele will be 
restricted in 4 fragments of 249, 218, 24 and 9 bp, where the 
mutant allele will have 5 fragments of 249, 185, 33, 24 and 9 
bp of size, as shown in Figure 3. Size standards used, were 
the 100 bp ladder (Gibco BRL, Gaithersburg , MD) . 

Example 1 

In an effort to identify a genetic locus responsible for 
Parkinson's disease, we performed a genome scan in a large 
kindred of Italian descent with pathologically confirmed PD 
(Figure 5) . The kindred originated in the town of Contursi 
in the Salerno province of Southern Italy (3) . Some members 
emigrated to the United States, Germany and other countries. 
The extended family pedigree consists of 592 members with 60 
individuals affected by PD . The average age of onset for the 
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illness in this pedigree (Figure 5) has been shown to be 46 + 
13 years. One hundred and fourty genetic markers were 

typed in this pedigree at an average spacing of about 20 cm. 
Genetic markers at the cytogenetic location 4q21-q23 were the 

5 only ones to show linkage to the disease phenotype with a 
Zmax=6.0 0 at theta=0.00 for marker D4S2380I (see Table 1). 



Table 1. Two point LOD scores between chromosome 4q markers 

and the PD locus 
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3 


71 


2 


.26 


1 


. 05 


0 


.30 


5 .22 


0 . 00 


D4S421 


-2 


. 42 


0 


. 45 


0 


. 77 


0 


. 65 


0 


. 38 


0 


.22 


0 


. 09 


0 . 77 


0 .05 



Recombinations between the disease phenotype and genetic 
2 5 markers were observed in the proximal region for marker 

D4S2361 and in the distal region for marker D4S421. Genetic 

markers D4S2380 and D4S1647 showed no obligate recombination 

events in the affected individuals. 

Multipoint LOD score analysis between markers D4S2361- 

30 13cM~D4S1647-3cM-D4S421 and the disease locus places the PD 

gene between markers D4S2361 and D4S421 at a recombination 

distance of 0.00 cM from marker D4S1647 with a Zmax=6 . 04 

(Figure 6) . This location is favored from the alternative 
genetic intervals by a difference in the LOD score of greater 
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than three LOD units. 

Although expansions of unstable trinucleotide repeats 
are found in a number of human neurogenerat ive conditions, 
there is no evidence for an association of a CAG 
trinucleotide repeat expansion in families with PD (43) . In 
addition, genetic linkage studies in other families with PD- 
like illnesses do not support the involvement of several 
candidate genes (glutathione peroxidase, tyrosine 
hydroxylase, brain-derived neurotrophic factor, catalase, 
amyloid precursor protein, CuZn superoxide dismutase and 
debrisoquinone 4 -hydroxylase) in the etiology of the disorder 
(44) . Genes previously mapped in the general region of 
linkage include the loci for alcohol dehydrogenase, 
formaldehyde dehydrogenase, synuclein, UDP-N- 
acetylglycosamine phosphotransferase and others. 

Our localization of a PD susceptibility gene represents 
the first genetic locus linked to PD . Other distinct 
clinicopathological entities associated with parksonian 
features are probably linked to other genetic loci. For 
example, Wil helmsen-Lynch disease (disinhibit ion-dementia- 
parkinsonian- amyotrophy complex) is linked to the 17q21-q22 

chromosomal region (45) . If the pathogenesis of diseases 
affecting the nigrostriatal pathway includes environmental 
influences, then a range of mutations affecting vulnerable 
sites in the electron transport chain or enzyme polymorphisms 
influencing neurotoxin metabolism may vary the penetrance of 
PD by altering an individual's resistance to exogenous or 
endogenous agents. However, our finding of a highly 
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penetrant genetic locus linked to PD suggested that 
abnormalities of a single gene may be sufficient to cause 
Parkinson ' s disease . 

5 Example 2 

In an effort to identify a specific gene between markers 
D4S2361 and D4S421 that is associated with predisposition to 

Parkinson's disease, we conducted sequence analysis of 
candidate genes in this region. 

10 Alpha synuclein, a presynaptic nerve terminal protein, 

was originally identified as the precursor protein for the 
NAC peptide, a nor. beta amyloid component of Alzheimer's 
disease (AD) amyloid plaques (4). The human alpha synuclein 
gene was previously mapped in the 4q21-q22 region (5). We 

15 refined the mapping, and determined ;hat the alpha synuclein 
gene is located within the non-excluaed region harboring the 
PD gene in the Italian kindred. Thus alpha synuclein 
represented an excellent candidate locus for PD. 

20 Sequence analysis of the fourth exon of the alpha 

synuclein gene revealed a single base pair G209A change from 
the published sequence of the gene (GenBank ID L088S0), which 
results in an Ala53Thr substitution and the creation of a 
novel Tsp45 I restriction site (F'igure 1). Mutation analysis 

25 for the G209A change in the Italian kindred shows complete 
segregation with the PD phenotype with exception of 
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individual 30 (Figure 2), who is affected but not carrying 
this nutation. This individual apparently inherited a 
different PD mutation from his father, as we have shown that 
he shares a genetic haplotype with his unaffected maternal 
uncle, individual 3, for genetic markers in the ?D linkage 
region . 

The frequency of this variation was studied m two 
general population samples, one consisting of 120 chromosomes 
of the parents of the CEPH reference families, and the other 
consisting of 194 chromosomes of unrelated individuals from 
the blood bank in Salerno, Italy, a city near the town from 
which the family originated. Of these 314 general population 
chromosomes none was found to carry the G209A mutation. 
Fifty two patients of Italian descent with sporadic PD were 
also screened for the mutation (Figure 2), along with 5 
probands from previously unpublished Greek families with PD. 
The Ala53Thr change was found to be present in three of the 
Greek kindreds and it segregated with the PD phenotype. In 
those three Greek kindreds it is worth noting that the age of 
onset for the disease is relatively early, ranging from the 
mid 30' s to the mid 50' s. Extended haplotype analysis of the 
Greek kindreds and the Italian PD family suggests that the 
mutations arose independently on different ancestral 
chromosomes. The finding of the Ala53Thr substitution in 
four independent PD families and its absence from 314 control 
chromosomes provides the strongest genetic evidence that this 
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mutation in the human alpha synuclein gene is causative for 
the PD phenotype in these families. 

We have also demonstrated by RT PCR that the mutant 
allele is transcribed in the lymphoblast cell line of an 
affected individual from the Italian kindred (Figure 3) (7). 
Thus, it is reasonable to assume that the mutant protein is 
indeed expressed . 

Example 3 . 

Since homologous genes that are related to the alpha 
synuclein protein have been identified in other species, it 
seemed reasonable to assume that homologues of alpha 
synuclein would exist in humans as well. In fact, human beta 
synuclein has previously been described (46), and is 
approximately 60% similar to alpha synuclein at the protein 
level . 

We set out to identify other related homologues by 
searching various databases for homologous genes and 
proteins. Protein sequence databases searched included the 
NR (non-redundant) and "month" databases of Genbank and Swiss 
Prot . Nucleotide databases included NR, month, dbstf, GSS 
(Genome Sequence Service) and EPD (eurkaryotic Promoter 
Database). Several human clones were identified and 
characterized as alpha, beta and gamma clones as shown in 
Figure 7. Potential gamma clones were identified on the 
basis of homology to known rat and mouse sequences. Although 

- 41 - 



WO 98/59050 PCT/US98/13071 

gamma synuclein has been identified in species other than 
human, this is the first identification of the corresponding 
gamma synuclein from humans. 

Using two primers sets designed from known database 
5 sequences ( 5 ' ATGTCTTCAAGAAGGG2TTC3 ' ; 5 ' CCTTGGTCTTCTCAGCTGCT3 1 

and 5 ' AGCGTGGATGACCTGAAGAG3 ' ; 5 * AGCACAGGTGGACAGGCCAAG3 ' ) , we 
nave isolated two BAC clones, 139A2C and 174P13, from a 
Genome System commercial Bacterial Artificial Chromosome 
library (St. Louis, MO; which contain the human beta and 
10 garrtma synuclein genes, respectively. The beta gene contained 
one clone 139A20 has been sequenced as shown in Figure 8 { SEQ 
ID NO 11), which contains all coding exon sequences and some 
additional non-coding intronic sequence. The gamma clone 
174P13 has been sequenced and is available in GenBank: 
15 accession number AF044311. Sequence from the 5' end is given 
in Figure 9 (SEQ ID NO 12), and sequence from the 3' end is 
given in Figure 10 (SEQ ID NO 13) . The human alpha 
synuclein gene has also been sequenced as shown in Figure 11, 
which provides the sequence of each separate exon region with 
20 some additional flanking intronic sequence for each exon. 
(SEQ ID NOs 14-19) 

The three human homologues are highly conserved at the 
protein level. The alpha and beta human homologues have 
about 60.4% similarity. And the gamma homologue is about 
25 38.3% and 32.8% similar to the alpha and beta homologues, 
respectively, based on the portion of the coding sequence 
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that we have obtained thus far. Thus, it is reasonable to 
presume that mutations in either the beta or gamma synuclein 
gene may also result in Parkinson's disease. 
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SEQUENCE LISTING 



il) GENERAL INFORMATION: 

(i) APPLICANT: Polymeropoulus , Mihael 
Lavedan, Christian 
Leroy, Elisabeth 
Nussbaum, Robert 
Johnson, William 
Duvoisin, Roger 

(ii) TITLE OF INVENTION: Cloning of a gene mutation for 
Parkinson's disease 

(iil) NUMBER OF SEQUENCES: 10 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: SPENCER & FRANK 

{B) STREET: 1100 New York Ave. Suite 300 East 

(C) CITY: Washington 

(D) STATE: D.C. 

(E) COUNTRY: USA 

(F) ZIP: 20005-3955 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC -DOS / MS - DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 25-JUN-1998 

( C ) CL AS S I F I CAT I ON : 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Schneller, John W. 

(B) REGISTRATION NUMBER: 26,031 

(C) REFERENCE /DOCKET NUMBER: NIH 0082A 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (202)414-4000 

(B) TELEFAX: (202)414-4040 



(2) INFORMATION FOR SEQ ID NO : 1 : 

U) SEQUENCE CHARACTERISTICS. 

(A) LENGTH: 216 base pairs 
{ B ) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 
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(ii) 



MOLECULE TYPE: DNA (genomic) 



(iii) 



HYPOTHETICAL : NO 



(iv) 



ANTI-SENSE : NO 



(vii) 



IMMEDIATE SOURCE: 
(B) CLONE: alpha synuclein gene/ exon 4 region 



10 



( vii i ) 



POSITION IN GENOME: 

(A) CHROMOSOME/ SEGMENT: 4 

(B) MAP POSITION: 4q21-q22 



15 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 
GCTAATCAGC AATTTAAGGC TAGCTTGAGA CTTATGTCTT GAATTTGTTT TTGTAGGCTC 



CAAAACCAAG GAGGGAGTGG TGCATGGTGT GACAACAGGT AAGCTCCATT GTGCTTATAT 
CAAAGATGAT ATNTAAAGTAT CTAGTGATTA GTGTGGCCCA GTATCAAGAT TCCTATGAA 
ATTGTAAAACA ATCACTGAGC ATCTAAGAAC ATATC 
(2) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "primer #3" 

(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 
GCTAATCAGC AATTTAGGCT AG 
(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base paixS 

(B) TYPE: nucleic acid 



(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE : other nucleic acid 

(A) DESCRIPTION: /desc = "primer #13" 

(ill) HYPOTHETICAL: NO 



(xi ) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 
CTATACAAGA ATCTACGAGT C 2 
(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 140 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 
(iv) ANT I- SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 

(C) INDIVIDUAL ISOLATE: Swiss-Prot P37840 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: alpha synuclein protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 

Met Asp Val Phe Met Lys Gly Leu Ser Lys Ala Lys Glu Gly Val Val 
15 10 15 

Ala Ala Ala Glu Lys Thr Lys Gin Gly Val Ala Glu Ala Ala Gly Lys 
20 25 30 

Thr Lys Glu Gly Val Leu Tyr Val Gly Ser Lys Thr Lys Glu Gly Val 
35 40 45 

Val His Gly Val Ala Thr Val Ala Glu Lys Thr Lys Glu Gin Val Thr 
50 55 60 

Asn Val Gly Gly Ala Val Val Thr Gly Val Thr Ala Val Ala Gin Lys 
65 70 75 80 

Thr Val Glu Gly Ala Gly Ser He Ala Ala Ala Thr Gly Phe Val Lys 
85 90 95 
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Lys Asp Gin Leu Gly Lys Asn Clu Glu Gly Ala Pro Gin Glu Gly lie 
100 105 HO 

Leu Glu Asp Met Pro Val Asp Pro Asp Asn Glu Ala Tyr Glu Met Pro 
115 120 125 

Ser Glu Glu Gly Tyr Gin Asp Tyr Glu Pro Glu Ala 
130 135 140 

(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 0 amino acids 

(B) TYPE : amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 
(iv) ANTI- SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Rattus norvegicus 

(C) INDIVIDUAL ISOLATE: Swiss-Prot P37377 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: alpha synuclein protein 



(xi) SEQUENCE DE5 

Met Asp Val Phe 
1 

Ala Ala Ala Glu 
20 

Thr Lys Glu Gly 
35 

Val His Gly Val 
50 

Asn Val Gly Gly 
65 

Thr Val Glu Gly 



Lys Asp Gl:i Met 
100 



CRIPTION: SEQ i: 

Met Lys Gly Leu 
5 

Lys Thr Lys Gin 



Val Leu Tyr Val 
40 

Thr Thr Val Ala 
55 

Ala Val Val Thr 
70 

Ala Gly Asn lie 
85 

Gly Lys Gly Glu 



» NO : 5 : 

Ser Lys Ala Lys 
10 

Gly Val Ala Glu 
25 

Gly Ser Lys Thr 



Glu Lys Thr Lys 
60 

Gly Val Thr Ala 
75 

Ala Ala Ala Thr 
90 

Glu Gly Tyr Pro 
105 



Glu Gly Val Val 
15 

Ala Ala Gly Lys 
30 

Lys Glu Gly Val 
45 

Glu Gin Val Thr 



Val Ala Gin Lys 
80 

Gly Phe Val Lys 
95 

Gin Glu Gly lie 
110 
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Leu Glu Asp Met Pro Val Asp Pro Ser Ser Glu Ala Tyr Glu Met Pro 
115 120 125 

Ser Glu Glu Gly Tyr Gin Asp Tyr Glu Pro Glu Ala 
130 135 140 

INFORMATION FOR SEQ ID NO : 6 : 

(l) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 134 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: peptide 
(ill) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 

(vi) ORIGINAL SOURCE : 

(A) ORGANISM: Bos taurus 

(C) INDIVIDUAL ISOLATE: Swiss-Prot P33567 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: alpha synuclein protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 



Met Asp Val Phe 
1 

Ala Ala Ala Glu 
20 

Thr Lys Glu Gly 
35 

Val Gin Gly Val 
50 

His Leu Gly Gly 
65 

Thr Gly Leu Val 



Glu Val Ala Gin 
100 

Glu Pro Glu Gly 
115 



Met Lys Gly Leu 
5 

Lys Thr Lys Gin 



Val Leu Tyr Val 
40 

Ala Ser Val Ala 
55 

Ala Val Phe Ser 
70 

Lys Lys Glu Glu 
85 

Glu Ala Ala Glu 



Glu Ser Tyr Glu 
120 



Ser Met Ala Lys 
10 

Gly Val Thr Glu 

25 

Gly Ser Lys Thr 



Glu Lys Thr Lys 
60 

Gly Ala Gly Asn 
75 

Phe Pro Thr Asp 
90 

Glu Pro Leu lie 
105 

Glu Gin Pro Gin 



Glu Gly Val Val 
15 

Ala Ala Glu Lys 
30 

Lys Glu Gly Val 
45 

Glu Gin Ala Ser 



lie Ala Ala Ala 
80 

Leu Lys Pro Glu 
95 

Glu Pro Leu Met 
110 

Glu Glu Tyr Gin 
125 
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Glu Tyr Glu Pro Glu Ala 
130 

(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 142 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: peptide 
( i i i ) HYPOTHETICAL : NO 
(iv) ANTI- SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Serinus canaria 

(C) INDIVIDUAL ISOLATE: genbank L33860 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: alpha synuclein homologue 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 

Met Asp Val Phe Met Lys Gly Leu Ser Lys Ala Lys Glu Val Val Ala 
15 10 15 

Ala Ala Glu Lys Thr Lys Gin Gly Val Ala Glu Ala Ala Gly Lys Thr 
20 25 30 

Lys Glu Gly Val Leu Tyr Val Gly Ser Arg Thr Lys Glu Gly Val Val 
35 40 45 

His Gly Val Thr Thr Val Ala Glu Lys Thr Lys Glu Gin Val Ser Asn 
50 55 60 

Val Gly Gly Ala Val Val Thr Gly Val Thr Ala Val Ala Gin Lys Thr 
65 70 75 80 

Val Glu Gly Ala Gly Asn lie Ala Ala Ala Thr Gly Leu Val Lys Lys 
85 90 95 

Asp Gin Leu Ala Lys Gin Asn Glu Glu Gly Phe Leu Gin Glu Gly Met 
100 105 110 

Val Asn Asn Thr Gly Ala Ala Val Asp Pro Asp Asn Glu Ala Tyr Glu 
115 120 125 

Met Pro Pro Glu Glu Glu Tyr Gin Asp Tyr Glu Pro Glu Ala 
130 135 140 
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(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 143 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: peptide 
(ill) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Torpedo calif ornica 

(C) INDIVIDUAL ISOLATE: Swiss-Prot P37379 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: alpha synuclein homologue 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO : 8 : 

Met Asp Val Leu Lys Lys Gly Phe Ser Phe Ala Lys Glu Gly Val Val 
15 10 15 

Ala Ala Ala Glu Lys Thr Lys Gin Gly Val Gin Asp Ala Ala Glu Lys 
20 25 30 

Thr Lys Gin Gly Val Gin Asp Ala Ala Glu Lys Thr Lys Glu Gly Val 
35 40 45 

Met Tyr Val Gly Thr Lys Thr Lys Glu Gly Val Val Gin Ser Val Asn 
50 55 60 

Thr Val Thr Glu Lys Thr Lys Glu Gin Ala Asn Val Val Gly Gly Ala 
65 70 75 80 

Val Val Ala Gly Val Asn Thr Val Ala Ser Lys Thr Val Glu Gly Val 
85 90 95 

Glu Asn Val Ala Ala Ala Ser Gly Val Val Lys Leu Asp Glu His Gly 
100 105 HO 

Arg Glu He Pro Ala Glu Gin Val Ala Glu Gly Lys Gin Thr Thr Gin 
115 120 125 

Glu Pro Leu Val Glu Ala Thr Glu Ala Thr Glu Glu Thr Gly Lys 
130 135 140 

(2) INFORMATION FOR SEQ ID NO : 9 : 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
5 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "primer #1F" 

10 (iii) HYPOTHETICAL: NO 



15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 

ACGACAGTGT GTGTAAAGG 19 
(2) INFORMATION FOR SEQ ID NO : 1 0 : 

2C 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

2 5 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "primer #13R" 

3 0 (iii) HYPOTHETICAL: NO 



3 5 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 0 : 

AACATCTGTC AGCAGATCTC 2 0 

(2) INFORMATION FOR SEQ ID NO: 11 

4 0 (i) SEQUENCE CHARACTER I S ITCS 

(A) LENGTH: 2809 base pairs 

( B) TYPE : NUCLEIC ACID 

(C) STRANDEDNESS : DOUBLE 

(D) TOPOLOGY : LINEAR 

4 5 (ii) MOLECULAR TYPE: DNA (genomic) 

(iii) HYPOTHETICAL : NO 
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i iv} ANTI -SENSE : NO 

(v) IMMEDIATE SOURCE : 

(A) CLONE: BAC clone 13 9A2 0 HUMAN BETA SYNULEIN GENE 

(vi ) SEQUENCE DESCRIPTION: SEQ ID NO : 1 1 : 

CCGCCGCAGC CGCCGCTCCA TCCCCAGCCC CGGCCCCGCA TCCGGTTTGG AAGGGGGCTG 
CAAGTTTGCA AGGGGCCCGG GANAAAAANC GAGCAGTGGC CCTTCCCGCG TCCCCAGGGT 
TTCAAGGGAC GCTAGGANTN TCCGCGGCCC TGGAGGTTCG CACTGGGGAG TGGGGTGAGA 
TGGGGGGAAA GCGGGAGGGG GCTCAGGGTC CAGAAGGGCN CCGCGGTCTC GGGAGTAGGG 
GGGCATNTGC GTCCCGCGGG AGGGGCTGGG GTGAGAGTGC GGGGCCAGTG CACCGGTGCC 
CGTGTATCGC CCTCCCCAGG CCGCCAGGAT GGACGTGTTC ATGAAGGGCC TGTCCATGGC 
CAAGGAGGGC GTTGTGGCAG CCGCGGAGAA AACCAAGCAG GGGGTCACCG AGGCGGCGGA 
GAAGACCAAG GAGGGCGTCC TCTACGTCGG TGGGCNGGGG GCNGGGTTTC TGGGGCTGCA 
GGGCTGGGGG TCCCCCTACA GTGTGGAGCT GGGGCCGGGT CCCGGGGAGG GGGGTTCTGG 
GCAAGATAAT ATNANTCAGC AGATGGGGCN AGGTCANCAN GGGTCATAAG GGACATACCC 
ANCCCATAGA ANCCTGGGTC TGTATCCGGA AATGGGGACA CGGGGCGGGC TGATGAGGTG 
GGGGGCTCCA NCTGAAAGGC CAGGGACCAN TGCANTNATA AAANCACACA NCCTCCTTTT 
TCTTATCTTT TTTACCATTA TTAATAGTTA TCTGGTGTTG AACACTTTCT GTATGCCAAG 
TACTGGGTAA AATGTCATAA CATCCATTTC CTCATGTAAT GCTTCCGCCC ATTCTACAGG 
TAAGGGAAAC TGGGCTTCCC ATTGGTAGNT AAATTTTAGG TTCAGAAAGG CTTGAATTGA 
ATGTCAGTTC AGCCAATTTC TTAGTGGTGG AACCAAACTG AGTTCCATCC GTGAAACGGG 
GACAATAACA GCACCCGCTT CCCAGGGCTG GGGAAAAGTG AAGTGCAGCG GGGCAGGCAG 
AGGACTTGAC ACAGCACTGG CCCTCAGCCA ACATCCACTA GAGGGGTGGG GTATCGCATC 
AGGTGGGAGA GAACTGCAAC CCTTGCAGAC AGAGGTGTGG GGCCCAGTGC AGTGATAAGA 
CGGGGGTTAA CATGGGGGTG CAGGTTGTAG GATNTGGGGA CCCAAGGAGG CAGTGACGGG 
GCCAGGATGC CCACTCTGTA ATCACCATGC TGTGCTGGAG TTTCTGTTCC CTCAGCGCAG 
AGTCCTTAAA TGTGCCGCTT TTTCTNCCCT GCAGGAAGCA AGACCCGAGA AGGTGTGGTA 
CAAGGTGTGG CTTCAGGTAC TAGCCCAGCC CTGGCACCAG CCCTTCTCTC AKTTAGGCGG 
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ATGATCTGGC CGGGAACCAG AGGGCGGGGG 

TGCTCCGTGG GGAGGGCAGG CCCTGGGATA 

GGCTCCCAAA CCCCTTCCTC AACCCCCTCC 

AGGCCTCACA TCTGGGAGGA GCTGTGTTCT 

5 GACTGGTGAA GAGGGAGGAA TTCCCTACTG 

ACATGCAGGC AAACACACAC ACACACACAC 

ACCATCCCCG CCCCCCTAAT CCTGCCACCA 

CCTGCNGGCC CGTGCTAGAC T C AG C T C AG A 

GACGCTCCCG GTGATGGGGA CCCAGACCTG 

1 0 GACCCATATG ACTTCTGGCC ACGTCTGCAT 

ATTCAACAAA TATCCATGCC ANANCCAGCC 

CNAGGGGAGC NTGAGGGTTA TTTTTGGGGT 

GGATGAGGCA TAAGCTGGTG ANTGAGTATC 

ATTGGGGGAG CGGCGTGGAG AGCCAGCTCC 

15 CGGGGGAATT TCCCCCTTCA CCTCCATCCC 

ATTAGAAATT ATCCTTGTTT TGCCAACCCA 

AGCTTACCAC TGTGGGAATT TGGGGGGCAT 

CTGCCCACAG CCAGAGGAAG TGGCCCAGGA 

GATGGAGCCA GAAGGGGAGA GTTATGAGGA 

2 0 GCCAGAGGCG TAGGGGCCCA GGAGAGCCCC 

GCCCCGCCCC CCAGAGCCAG GGCTGTCCTT 

CTTCCGCTCT GAGGCAACCC CCTCGGAGCC 

ACCCGCCCGC GTCCAACCCC GGGGCATGGA 

CCTCGCCCCT CCAGTGTTG C CTCCTCCCAT 

25 

(2) INFORMATION FOR SEQ ID NO: 12 
(i) SEQUENCE CHARACTER I S ITCS 
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CGGGGGAGAC TCCCAAGGCT TCTGCGGGAA 

CTACAAGGCA GGGCATCGGT GTTTCCCCCT 

CTGCTCCAGT GGCTGAAAAA ACCAAGGAAC 

CTGGGGCAGG GAACATCGCA GCAGCCACAG 

ATCTGAAGGT AAGCGATCCT TCTGACCCGC 

2CACACACCN GGCACACAAA TAAACCTGTC 

GCTTGGAACA CAAGCCACTT TGCCTCCCAT 

ATGCATCTGA ATAANGGCGT GCATGGGTGT 

GCTGTCTGCG TGTATCCTGC TTGCCAGCGT 

GTGTCAATGA TTGTTCATTC ATTTCTTTTC 

CTGTCCTTGA GCTTCCAGNT CCCTTTCAGC 

CCCGATGCCC AGCACAGAGC CTGACACAAA 

CAAATGGTGG AAGTGTGGAG GNTGCCAGGC 

CCAATCCATG CTGCCACTTC AACTGTGATT 

P CTTCCAAGG CACTCCAAAT AAATAACTGA 

CCCTAGCCTT CCCCACTCCA ACCCACCCAA 

CCTGGCTGTC CTCACGAGTC CTGACCTTTT 

AGCTGCTGAA GAACCACTGA TTGAGCCCCT 

CCCACCCCAG GAGGAATATC AGGAGTATGA 

CACCAGCAGC ACAATTCTGT CCCTGTCCCT 

AGACTCCTTC TCCCCAATCA CGAGATCTTC 

TGTGTTAGTG TCTGTCCATC TGTCTGTCCT 

CAGGGCCAGG GTTGCGGTCG CGGCTGGGAG 

CCAGCGTCTG CGCG 
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(A) LENGTH: 223 base pairs 
IB} TYPE: NUCLEIC ACID 
(C) STRANDEDNESS : DOUBLE 
ID) TOPOLOGY : LINEAR 
5 { ii) MOLECULAR TYPE: DNA (genomic) 

(in) HYPOTHETICAL: NO 
( iv ) ANT I - SENSE : NO 
(v) IMMEDIATE SOURCE: 

(A) CLONE: BAC clone 174 P13 HUMAN GAMMA SYNULETN GENE , 5' END 
10 (vi ) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

AGGGAGATCC AGCTCCGTCC TGCCTGCAGC AGCACAACCC TGCACACCCA CCATGGATGT 
CTTCAAGAAG GGCTTCTCCA TCGCCAAGGA GGGNGTGGTG GGTGCGGTGG AAAAGACCAA 
GCAGGGGGTG ACGGAAGCAG CTGAGAAGAC CAAGGAGGGG GTCATGTATG TGGGATTACA 
TTTTTTTTTT AAAGAAAGAA TAAATTAATT GTGATTAAAG TTG 

1 5 

(2) INFORMATION FOR SEQ ID NO: 13 
(i) SEQUENCE CHARACTERISITCS 

(A) LENGTH: 677 

(B) TYPENUCLEIC ACID 

2 0 (C) STRANDEDNESS -.DOUBLE 

( D ) TOPOLOGY : LINEAR 
( i i ) MOLECULAR TYPE : DNA (genomic) 
(iii) HYPOTHETICAL: NO 
( i v ) ANT I - SENSE : NO 
2 5 (v) IMMEDIATE SOURCE: 

(A) CLONE: BAC clone 174P13 HUMAN GAMMA SYNULEIN GENE , 3' END 
(vi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
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TTTTTTNAGG GGGGAAAACA 

GGGGAAAANG GTTNGGGGGN 

TGGGAACCCA AAGCCCNAGG 

AAGACCAAGG AAANGCCCAA 

5 TGCCCNGCAA NANCGTGGAG 

AGGAGGACTT GAGGCCATCT 

AAGTGGCAGA GGAGGCCCAG 

CTGAAGAGCG CTCCTCTGCC 

GAGTGACATG CGGCTGCCCA 

1 0 ACCTGTGCTG CTGCACCAAC 

CTGACCCCAC TTATGCTGCT 

CCACTCCAAA AAAAAAA 



GGGAATANAA AAANANGGGG 
NAACCNAAAN AAANNCCNAN 
AGGATTTTTN GTNAANAACG 
GNCGGTTGAN CGAGGCTGTG 
GNGGCGGAGA ACATCSCGGT 
KCCCCCCMAC AGGAGGGTGT 
AGTGGGGGAR ACTAGAGGGC 
TTGGACACCA TCCCCTCCTA 
CGCTCCTGCC CTCGTCTTCC 
CTCACTGCCC TCCCTCGGCC 
GTGAATTTTT TTTTTAAATG 
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s 

GGGGGTTTTT NNGGGGGGGG 

GGGGGGGGNN ANTNAANTTT 

TNACCTCNAG TGGGNCGAGG 

GTGAACANCG TNCAACNCTG 

CACCTCCGGG GTGGTGCGGM 

GGCATCCMAA GARAAAGAGG 

TACAGGCCAG CGTGGATGAC 

GGACAAGGAG TGCCCGCCTT 

TGGCCACGCT TGGCCTGTCC 

CCACCGACCC TCTGGTCCTT 

ATTCCAAATA AAACTTGAGC 



15 (2) INFORMATION FOR SEQ ID NO: 14 
( i ) SEQUENCE CHARACTER I SITCS 

(A) LENGTH: 1181 base pairs 

( B ) TYPE : NUCLEIC ACID 

(C) STRANDEDNESS : DOUBLE 
2 0 (D) TOPOLOGY: LINEAR 

(ii) MOLECULAR TYPE: DNA (genomic) 
( i i i ) HYPOTHETICAL : NO 
(iv) ANTI-SENSE : NO 
(vii) IMMEDIATE SOURCE: 
2 5 (A) CLONE: human alpha synuclein gene/ exons 1 and 2 plus 

flanking intron sequences 
(viii) POSITION IN GENOME : 
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(A) CHROMOSOME/ SEGMENT : 4 

(B) MAP POSITION: 4q21-q22 

(xi } SEQUENCE DESCRIPTION: SEQ ID NO : 14 : 

AATTTCAGCG ATGCGAGGGC AAAGCGCTCT CGGCGGTGCG GTGTGAGCCA CCTCCCGGCG 

CTGCCTGTCT CCTCCAGCAG CTCCCCAAGG GATAGGCTCT GCCCTTGGTG GTCGACCCTC 

AGGCCCTCGN TCTCCCAGGN CGACTCTGAC GAGGGGTAGG GGGTGGTCCC CNGGAGGACC 

CAGAGGAAAG GCNGGGACAA GAAGGGAGGG GAAGGGGAAA GAGGAAGAGG CATCATCCCT 

AGCCCAACCG CTCCCGATCT CCACAAGAGT GCTCGTGACC CTAAACTTAA CGTGAGGCGC 

AAAAGCGCCC CAACCTTTTC CCGCCTTGNN CCAGGCAGGC GGCTGGAGTT GATGGCTCAC 

CCCGCGCCCC CTGCCCCATC CCCATCCGAG ATAGGGACGA GGAGCACGCT GCAGGGAAAG 

CAGCGAGCGC CGGGAGAGGG GCGGGCAGAA GCGCTGACAA ATCAGCGGTG GGGGCGGAGA 

GCCGAGGAGA AGGAGAAGGA GGAGGACTAG GAGGAGGAGG ACGGCGACGA CCAGAAGGGG 

CCCAAGAGAG GGGGCGAGCG ACCGAGCGCC GCGACGCGAA GTGAGGTGCG TGCGGGCTCA 

GCGCAGACCC CGGCCCGGCC CCTCCTGAGA GCGTCCTGGG CGCTCCCTCA CGCCTTGCCT 

TCAAGCCTTC TGCCTTTCCA CCCTCGTGAG CGGAGAACTG GGAGTGGCCA TTCGACGACA 

GGTTAGCGGG TTTGCCTCCC ACTCCCCCAG CCTCGCGTCG CCGGCTCACA GCGGCCTCCT 

CTGGGGACAG TCCCCCCCGG GTGCCCCTCC GCCCTTCCTG TGCGCTCCTT TTCCTTCTTC 

TTTCCTATTA AATATTATTT GGGAATTGTT TAAATTTTTT TTTTAAAAAA AG AG AG AG G C 

GNGGAGGAGT CGGAGTTGTG GAGAAGCAGA GGGACTCAGG TAAGTACCTG TGGATCTAAA 

CGGGNGTCTT TTGGAAATCC TGGAGAACGC CGGATGGAGA CGAATGGTCG TGGGNACCGG 
GAGGGGGTGG TGCTGCCATG AGGACCGCTG GGCCAGGTCT CTGGGAGGTG AGTACTTGTC 
CTTTGGGGAG CTAAGGAAAG AGACTTGACC TGGCTTTCGT CCTGCTTCTG ATATTCCCTT 
CTCCACAAGG GCTGAGAGNT TAGGCTGCTT CTCCGGGATC C 

(2) INFORMATION FOR SEQ ID NO: 15 
(i ) SEQUENCE CHARACTER I S ITCS 

(A) LENGTH: 536 base pairs 
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( B ) TYPE : NUCLEIC ACID 



(C) STRANDEDNESS : DOUBLE 



(D) TOPOLOGY : LINEAR 



(ii) MOLECULAR TYPE : DNA (genomic) 



5 



( l i i ) HYPOTHETICAL : NO 



(iv) ANTI-SENSE: NO 
(vii) IMMEDIATE SOURCE : 

(A) CLONE: human alpha s>nuclein gene/ exon 3 plus flanking 
intron sequences 



(A) CHROMOSOME/ SEGMENT : 4 
<B) MAP POSITION: 4q21-q22 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
CTTAAAAGAG TCTCACACTT TGGAGGGTTT CTCATGATTT TTCAGTGTTT TTTGTTTATT 
15 TTTCCCCGAA AGTTCTCATT CAAAGTGTAT TTTATGTTTT CCAGTGTGGT GTAAAGAAAT 
TCATTAGCCA TGGATGTATT CATGAAAGGA CTTTCAAAGG CCAAGGAGGG AGTTGTGGCT 
GCTGCTGAGA AAACCAAACA GGGTGTGGCA GAAGCAGCAG GAAAGACAAA AGAGGGTG ± T 
CTCTATGTAG GTAGGTAAAC CCCAAATGTC AGTTTGGTGC TTGTTCATGA GTGATGGGTT 
AGGATAACAA TACTCTAAAT GCTGGTAGTT CTCTCTCTTG ATT C ATTTTT GCATCATTGC 
2 0 TTGTCAAAAA GGTGGACTGA GTCAGAGGTA TGTGTAGGTA GGTGAATGTG AACGTGTGTA 
TNTG AG CTAA TAGTAAAAAT GCGACTGTTT GCTTTTCAGA TTTTTAATTT TGCCTAATAT 
NTATGACTTN TTAAAATGAA TGTTTCTGTA CTACATAATT CTATNTCAGA GACAGT 

(2) INFORMATION FOR SEQ ID NO: 16 
2 5 (i) SEQUENCE CHARACTER I S I TCS 

(A) LENGTH: 650 base pairs 

( B ) TYPE : NUCLEIC ACID 



10 



(viii) POSITION IN GENOME: 
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(C) STRANDEDNESS : DOUBLE 

(D) TOPOLOGY : LINEAR 

( i i } MOLECULAR TYPE: DNA (genomic) 
{ ill ) HYPOTHETICAL : NO 
( i v ) ANT I - SENSE : NO 
(vii) IMMEDIATE SOURCE: 

(A) CLONE : human alpha synuclein gene/ exon 4 plus flanking 
intron sequences 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/ SEGMENT: 4 

(B) MAP POSITION: 4q21-q22 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
CTGCAGGTCA ACGGATCTGT CTCTAGTGCT GTACTTTTAA AGCTTCTACA GTTCTGAATT 
CAAAATTATC TTCTCACTGG GCCCCGGTGT TATCTCATTC TTTTTTCTCC TCTGTAAGTT 
GACATGTGAT GTGGGAACAA AGGGGATAAA GTCATTATTT TGTGCTAAAA TCGTAATTGG 
AGAGGACCTC CTGTTAGCTG GGCTTTCTTC TATNTATTGT GGTGGTTAGG AGTTCCTTCT 
TCTAGTTTTA GGATATATAT ATATATTTIT TCTTTCCCTG AAGATATAAT AATATATATA 
CTTCTGAAGA TTGAGATTTT TAAATTAGTT GTATTGAAAA CTAGCTAATC AGCAATTTAA 
GGCTAGCTTG AGACTTATGT CTTGAATTTG TTTTTGTAGG CTCCAAAACC AAGGAGGGAG 
TGGTGCATGG TGTGGCAACA GGTAAGCTCC ATTGTGCTTA TATCAAAGAT GATATNTAAA 
GTATCTAGTG ATTAGTGTGG CCCAGTATCA AGATTCCTAT TGAAATTGTA AAACAATCAC 
TGAGCATCTA AGAACATATC AGTCTTATTG AAACTGAATT CTTTATAAAG TATTTTTAAA 
TAGGTAAATA TTGATTATAA ATAAAAAATA TACTTGCCAA GAATAATGAG 



(2) INFORMATION FOR SEQ ID NO: 17 
(i) SEQUENCE CHARACTER I S ITCS 

(A) LENGTH: 504 base pairs 
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(B ) TYPE : NUCLEIC ACID 

(C) STRANDEDNESS : DOUBLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULAR TYPE: DNA (genomic) 
{ i i i ) HYPOTHETICAL : NO 
( iv) ANTI -SENSE : NO 
(vii) IMMEDIATE SOURCE: 

(A) CLONE: human alpha synuclein gene/ exon 5 plus flanking 
intron sequences 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/ SEGMENT : 4 

(B) MAP POSITION: 4q21-q22 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
ATATCTTAGC CAAGATTCAA TGTTTGGTTG AACCACACTC ACTTGACATC TTGGTGGCTT 
TTGTTTCTTC TGACCACTCA GTTATCTATG GCATGTGTAG ATACAGGTGT ATGGAANCGA 
TGGCTAGTGG AAGTGGAATG ATTTTAAGTC ACTGTTATTC TACCACCCTT TAATCTGTTG 
TTGCTCTTTA TTTGTACCAG TGGCTGAGAA GACCAAAGAG CAAGTGACAA ATGTTGGAGG 
AGCAGTGGTG ACGGGTGTGA CAGCAGTAGC CCAGAAGACA GTGGAGGGAG CAGGGAGCAT 
TGCAGCAGCC ACTGGCTTTG TCAAAAAGGA CCAGTTGGGC AAGGT ATGG C TGTGTACGTT 
TTGTGTTACA TTTATAAGCT GGTGAGATTA CGGTTCATTT TCATGTGAAG CCTGGAGGCA 
GGAGCAAGAT ACTTACTGTG GGGAACGGCT ACCTGACCCT CCCCTTGTGA AAAAGTGCTA 
CCTTTATATT GGTCTTGCTT GTTT 



(2) INFORMATION FOR SEQ ID NO : 1 8 
{ i ) SEQUENCE CHARACTERIS ITCS 

(A) LENGTH: 727 base pairs 
( B ) TYPE : NUCLEIC ACID 
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(C) STRANDEDNESS : DOUBLE 

(D) TOPOLOGY : LINEAR 

( 1 i ) MOLECULAR TYPE: DNA (genomic) 
( i i i ) HYPOTHETICAL : NO 
5 ( i v ) ANT I - SENSE : NO 

(vii ) IMMEDIATE SOURCE: 

(A) CLONE: human alpha synuclein gene/ exons 1 and 2 plus 
flanking intron sequences 

(viii ) POSITION IN GENOME: 
10 (A) CHROMOSOME/ SEGMENT: 4 

(B) MAP POSITION: 4q21-q22 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
AAAAGTTTAC ATACTTTGAG GTTGATAACC CATGTTGCCG CAATGTTTCC CCGGAGGCAT 
TGTGGAGTTT AGAATGCCAG TAGTAATATT AAGGTGTGCC ATTTTCAAGA TCCGTGGCCA 
15 ACATCCCTAT ATGTAAGATT TTTCCAAAAC ATGGTTCTGA TTTTTAAAAG TGAAAAATGC 
TACTTCATCA TGTTCTTTTT GTGCTTCTTA CTTTAAATAT TAGAATGAAG AAGGAGCCCC 
ACAGGAAGGA ATTCTGGAAG ATATGCCTGT GGATCCTGAC AATGAGGCTT ATGAAATGCC 
TTCTGAGGTA GGAGTCCAAG CTGAATCTTT CTAACAAGAC AGTACCAAAA ACCTGTCATT 
GTCACATTTC TCTTTCATTA GTGCTTAGTG AGAATCATTT GCTCTCTACA TGCTCATTA 
2 0 GTGGACAACT TGCAAGTTAA GAATAGTTTT TACATTTTTA AAGGGTCCTT AAAAAAAAAG 
AGGAGGAGGA AGATGAAGAA GAGGAAGAAA GGATGTAAAA GAAATCATAT GTAGTCCACA 
TAGCTTAATA TACNTACTAC TTGACCCTTT ACAGGAAAAG CTTTACTAAC CCCTGCATTA 
GAGAATATAT TTTTTTGCAA AAACATTGAT TGTAAATTTT AGTGTAAAGT GGGGAGCCAT 
TTCCTATCTC ATTGGCTGTC CAGTGCTGAT GCGTAATTGA AACTTATACT AACAGTGTGT 
2 5 GCTGTCT 

(2) INFORMATION FOR SEQ ID NO: 19 
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s 

(i) SEQUENCE CHARACTER I SITCS 

(A) LENGTH: 1596 base pairs 

( B ) TYPE : NUCLEIC ACID 
<C) STRANDEDNESS : DOUBLE 

5 (D ) TOPOLOGY : LINEAR 

(ii) MOLECULAR TYPE: DNA (genomic) 
(lii) HYPOTHETICAL: NO 
( i v ) ANT I - SENSE : NO 
(vii) IMMEDIATE SOURCE: 
10 (A) CLONE: human alpha synuclein gene/ exon 7 plus flanking 

intron sequences 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/ SEGMENT : 4 

(B) MAP POSITION: 4q21-q22 

15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

TTTTGATTTT TCTAATATTA GGAAGGGTAT CAAGACTACG AACCTGAAGC CTAAGAAATA 
TCTTTGCTCC CAGTTTCTTG AGATCTGCTG ACAGATGTTC CATCCTGTAC AAGTGCTCAG 
TTCCAATGTG CCCAGTCATG ACATTTCTCA AAGTTTTTAC AGTGTATCTC GAAGTCTTCC 
ATCAGCAGTG ATTGAAGCAT CTGTACCTGC CCCCACTCAG CATTTCGGTG CTTCCCTTTC 

2 0 ACTGAAGTGA ATACATGGTA GCAGGGTCTT TGTGTGCTGT GGATTTTGTG GCTTCAATCT 
ACGATGTTAA AACAAATTAA AAACACCTAA GTGACTACCA CTTATTTCTA AATCCTCACT 
ATTTTTTTGT TGCTGTTGTT CAGAAGTTGT TAGTGATTTG CTATCATATA TTATNAGATT 
TTTAGGTGTC TTTTAATGAT ACTGTCTAAG AATAATGACG TATTGTGAAA TTTGTTAATA 
TATATNATAC TTAAAAATAT GTGAGCATGA AACTATGCAC CTATAATACT AAATATGAAA 

2 5 TTTTACCATT TTGCGATGTG TTTTATTCAC TTGTGTTTGT ATATNAATGG TGAGAATTAA 
AATAAAACGT TATCTCATTG CAAAAATATT TTATTTTTAT CCCATCTCAC TTTAATAATA 
AAAATCATGC TTATAAGCAA CATGAATTAA GAACTGACAC AAAGGACAAA AATATAAAGT 
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TATTAATAGC CATTTGAAGA AGGAGGAATT 
CCCTACACTC GGAATTCCCT GAAGCAACAC 
TCCTTAAGTG GCTGTGATTA ATTATTGAAA 
TAGAGTGGTC TATTTCTCCC TTCAATCCTG 
TGTTGTTTGA TGTGTATGTG TTTATAATTG 
CATATATTGT TATTTTTGTC TCGAAATAAT 
TGGTGTGAAT GCTGTACCTT TCTGACAATA 
AAAAAGTGGG TTCCCGGGAA CTAAGCAGTG 
GAGAGCCATA AGACACATTA G C AC AT ATT A 
AACTTTGTTT AACTCAGCAT TCCTCACTTT 
CTCTCTCTTT TTCTCTCGCT CTCTTTTTTT 
AACATCGTTG GGAACTACCA GAGTCACCTT 
AAAAATTTCA TGGGCCTCCT TTAAAATGTT 
CCNTAGGGGG AAGGGTTTTT TCTCTTTTCN 
NGCCCGGAAA ATAAACTTGG NGGGGGGGNA 
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TTAGAAGAGG TAGAGAAAAT GGAACATTAA 

TGCCAGAAGT GTGTTTTGGT ATGCACTGGT 

GTGGGGTGTT GAAGACCCCA ACTACTATTG 

TCAATGTTTG CTTTACGTAT TTTGGGGAAC 

TTATACATTT TTAATTGAGC CTTTTATTAA 

TTTTTAGTTA AAATCTATTT TGTCTGATAT 

AATAATATNC GACCATGAAT AAAAAAAAAA 

TAGAAGATGA TTTTGACTAC ACCCTCCTTA 

GCACATTCAA GGCTCTGAGA GAATGTGGTT 

TTTTTTTTAA TCATCAGAAA TTCTCTCTCT 

TTTTTTTTTT TTTTACAGGA AATGCCTTTA 

AAAGGGAGNA TCAATTCTCT AGGACTGGAT 

GCCCAAATAT ATGGAATTCT AGGGGTTTTT 

GGGGAGGATC CTTTTAACNC CCCNGGGGGG 
AAACTT 
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WHAT IS CLAIMED IS: 

1. An isolated nucleic acid comprising a nucleotide sequence 
encoding a mutated human synuclein protein or homologue thereof . 

2 . The isolated nucleic acid of claim 1 wherein said mutated 
synuclein protein is selected from the group consisting of alpha, beta and 
gamma synuclein proteins . 

3 . The isolated nucleic acid of claim 2 wherein said mutated 
synuclein protein is the alpha synuclein protein. 

4. The isolated nucleic acid of claim 3 wherein said nucleotide 
sequence contains at least one mutation at base pair position 209. 

5 . The isolated nucleic acid of claim 4 wherein said mutation at 
position 209 is a change from guanine to adenine. 

6 . The isolated nucleic acid of claim 5 having the sequence given 
in SEQ ID NO . 1 . 

7. An oligonucleotide complementary to a portion of the synuclein 
gene, wherein said portion comprises a mutation associated with 
predisposition to Parkinson's Disease. 

8. The oligonucleotide of claim 7 wherein said mutation is at base 
pair position 209 in the synnuclein gene. 
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The oligonucleotide of claim 8 wherein said mutation is a change 



from guanine to adenine. 



10 . 



A vector comprising the isolated nucleic acid of claim 1. 



11. A host cell comprising the vector of claim 10. 



12 . 



A method of affect ing characteristics of Parkinson ' s Disease, 



comprising 



expressing nucleic acids which are implicated in disease 



development in cultured cells through the use of expression vectors. 

13 . The method of claim 12 wherein the said nucleic acid is selected 
from the group consisting of alpha, beta, and gamma synuclein genes. 

14. The method of claim 13 wherein the said nucleic acid encodes the 
mutated alpha synuclein protein. 

15 . The r.iethod in claim 14 wherein the said mutated alpha synuclein 
protein contains at least one mutation at base pair 209. 

16 . The method of claim 15 wherein said mutation at position 209 is 
a change from guanine to adenine . 

17 . An isolated human synuclein protein or peptide containing at 
least one mutation. 

18. The isolated human synuclein protein or peptide of claim 17 
wherein said protein or peptide is selected from the group consisting of 
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the human alpha, beta and gamma synuclein proteins or fragments thereof. 



19. The isolated human synuclein protein or peptide of claim 18 
having the sequence given in SEQ ID NO 5 . 

20. The isolated human synuclein protein or peptide of claim 19 
wherein said protein or peptide is the alpha synuclein gene or a fragment 
thereof . 

21. The isolated protein or peptide of claim 20, wherein said 
mutation is at amino acid position 53 . 

22. The isolated protein or peptide of claim 21, wherein said 
mutation is an alanine to threonine substitution. 

23. An antibody specific for the protein or peptide of claim 17. 

24. A method of detecting subjects at increased risk for 
Parkinson's Disease, comprising: 

obtaining a sample comprising nucleic acids, proteins or tissues 
from the subjects, and 

detecting in the nucleic acids, proteins or tissues the presence of 
a mutation which is associated with Parkinson's disease, 

thereby identifying subjects at increased risk for the disease. 

25. The method of claim 24 wherein said mutation is located on 
human chromosome four. 
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26. The method of claim 25 wherein said mutation is located in the 
alpha synuclein gene. 

27. The method of claim 26 wherein said mutation causes an amino 
acid substitution at position 53. 

2B. The method of claim 27 wherein said mutation causes an alanine 
to threonine substitution at position 53. 

29. The method of claim 24 wherein said detecting step comprises 
combining a nucleotide probe which selectively hybridizes to a nucleic 
acid containing said mutation, and detecting the presence of 
hybridization . 

30. The method of claim 29 wherein said nucleotide probe is an 
oligonucleotide complementary to a portion of the synuclein gene, wherein 
said portion comprises a mutation associated with predisposition to 
Parkinson's Disease. 

31. The method of claim 30 wherin the mutation of said 
oligonucleotide is at base pair position 209 in the alpha synuclein gene. 

32. The method of claim 31 wherein the mutation of said 
oligonucleotide is a change from guanine to adenine. 

33. The method of claim 24 wherein said detecting step comprises 
amplifying a nucleic acid product comprising said mutation, and detecting 
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34. The method of claim 33 wherein said detecting step comprises 
selectively amplifying a nucleic acid product comprising said mutation, 
and detecting the presence of amplification. 

35. The method of claim 34 wherein said amplifying step comprises 
at least one annealing step whereby at least one oligonucleotide is 
annealed to said sample of nucleic acids. 

36. The method of claim 35 wherein said amplifying step uses two 
oligonucleotides . 

37. The method of claim 36 wherein said two oligonucleotides have 
the sequences of SEQ ID NOs 2 and 3 . 

38. The method of claim 24 wherein said detecting step comprises 
detecting the presence or absence of a restriction endonuclease site as 
detected by enzymatic digest of said sample of nucleic acids. 

39. The method of claim 38 wherein said restriction endonuclease 
site is recognized by Tsp4 51. 

40. The method of claim 24 wherein said detecting step comprises 
chain termination with a labeled dideoxynucleotide . 

41. An oligonucleotide complementary to a nucleic acid sequence 
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which flanks a mutation in the synuclein gene that is associated with 
predisposition to Parkinson's disease, wherein said oligonucleotide may be 
used in diagnostic screens in the amplification of a nucleic acid sequence 
comprising said mutation. 



42. The oligonucleotide of claim 41 having the sequence of SEQ ID 

NO 2 . 



43. The oligonucleotide of claim 41 having the sequence of SEQ ID 

NO 3 . 



44 . The method of claim 24 wherein said detection step comprises 
identification of said mutations with an antibody. 



45. The method of claim 44 wherein said antibody is directed 
against an isolated human synuclein protein or peptide containing at least 
one mutation. 



46. The method of claim 45 wherein said isolated human synuclein 
protein or peptide is selected from a group consisting of the human alpha, 
beta, and gamma synuclein proteins or fragments thereof. 

47. The method of claim 46 wherein said isolated human synuclein 
protein or peptide has the mutated sequence given in SEQ ID NO 5. 



48. The method of claim 47 wherein said mutation is at amino acid 
position 53 . 
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•» 

49. The method of claim 48 wherein said mutation is an alanine to 
threonine substition 

50. A diagnostic kit comprising the oligonucleotide of claim 41. 

51. A diagnostic kit comprising the oligonucleotide of claim 42. 

52. A diagnostic kit comprising the oligonucleotide of claim 43. 

53. A diagnostic kit comprising the oligonucleotide of claim 7. 

54. A diagnostic kit comprising the oligonucleotide of claim 8. 

55. A diagnostic kit comprising the oligonucleotide of claim 9. 

56. A diagnostic kit comprising the antibody of claim 23. 

57 . An isolated nucleic acid comprising a mutation in a human 
synuclein gene or homologue thereof. 

58. The isolated nucleic acid of claim 57 wherein said synuclein 
gene is the alpha synuclein gene. 

59. The isolated nucleic acid of claim 58 wherein said mutation 
occurs at base pair position 209. 

60. The isolated nucleic acid of claim 59 wherein said mutation i 
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a change from guanine to adenine. 

61. The isolated nucleic acid of claim 60 having the sequence given 
in SEQ ID NO 1 . 

62 . A transgenic animal which expresses a mutated synuclein 
protein, wherein said animal may be used as an animal model for 
Parkinson's disease. 

63. The transgenic animal of claim 62, wherein said mutated 
synuclein protein is an alpha synuclein protein, 

64. A method of screening a compound for the ability to reverse the 
self -aggregation of synuclein proteins, comprising exposing an aggregate 
of synuclein proteins to a test compound and observing whether or not the 
aggregate is dissolved. 

65. The method of claim 64 wherein said test compound is a 
synuclein peptide. 

66. The method of claim 65 wherein said peptide comprises a 
mutation . 

67. The method of claim 64 wherein said test compound is an 
antibody . 

68. The method of claim 64, wherein said observing step comprises 
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69. The method of claim 64 wherein said protein aggregate is 
located within an animal. 

5 

70. A method of screening a compound for the ability to inhibit the 
self -aggregation of synuclein proteins, comprising exposing a population 
of synuclein proteins to a test compound under conditions which promote 
self -aggregation in the absence of said compound and observing whether or 

10 not self -aggregation of said proteins is inhibited. 

71. The method of claim 70 wherein said test compound is a 
synuclein peptide. 

15 72. The method of claim 71 wherein said peptide comprises a 

mutation . 

73. The method of claim 70 wherein said test compound is an 
antibody . 

20 

74. The invention substantially as disclosed and described. 
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Figure 3 
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r CGCGCAGCCGC CGCTCC ATCCCCAGCCCCGGCCCCGCATCCGGTTTGGAAGGGGGCTGCAAGTTTGCA 70 
AGGGGCCCGGGAXAAAAAXCGAGCAGTGGCCCTTCCCGCGTCCCCAGGGTTTCAAGGGACGCTAGGAXTXf UK) ■ 
TCCGCGGCCCTGGAGGT rCGCACTGGGGAGTGGGGTGAGATGGGGGGAAAGCGGGAGGGGGCTCAGGGTC 210 
CAGAAGGGCXCCGCGGTCTCGGGAGT AGGGGGGCATXTGCGTCCCGCGGGAGGGGCTGGGGTGAGAGTGC 280 
GGGGCC AGTGC AC CGGTGCCCGTGT ATCGCCC TCCCCAGGCCGCC AGG ATGGACGTGTTCATGAAGGGCC 350 

350 370 380 390 400 110 120 

, . , 2 1 , , i , | , , . . | , , t ^ 1 ' ■ | | ' . . ■ ■ 1 . ■ » ■ I .till t I I ' ^ ■ « * » I iii.l.i.ili illli i . i 1 

T GTCCATGGC C A AGGAGGGCGTTGTGGC AGC CGCGGAGAAAACCAAGC AGGGGGTCACCGAGGCGGCGGA 420 
GAAGAC CAAGG AGGGCGTCCTCT ACGTCGGTGGGCXGGGGGCXGGGTTTCTGGGGCTGCAGGGCTGGGGG 490 
TCCCCCT AC AGTGTGGAGCTGGGGCCGGGTCCCGGGGAGGGGGGTTCTGGGCAAGATAATATXAXTCAGC 560 
AGATGGGGCX AGGTCAXC AXGGGTCAT AAGGGACAT ACCC AXCCCATAGAAXCCTGGGTCTGTATCCGGA 630 
AATGGGGACACGGGGCGGGCTGATGAGGTGGGGGGC TCCAXCTGAAAGGCCAGGGACCAXTGCAXTX AT A 700 

710 720 730 740 750 760 770 
. ... i , ... i .... i .... i , ... i .j ■ • ■ I ■ i • ■ ' • ■ ■ ■ 1 ■ ■ ■ ■ f 1 ' 1 1 1 * ' * * 1 1 1 1 1 * 1 1 1 1 J J 1 ' 1 j 



AAAXCACAC AXCCTCC TTT TT CT 1 ATCTTTTTTACC ATTATTAATAGTTATCTGGTGTTGAACACTTT CT 770 
GTATGCCAAGT AC TGGGTAAAATGTC AT AACATCCATT TCCTCATGTAATGCTTCCGCCCATTCTACAGG 840 
TAAGGGAAACT GGGCTTCCC ATTGGT AGXT AAATTTTAGGTTCAGAAAGGCTTGAATTGAATGTCAGTTC 910 
AGCCAATTTCT T AGTGGTGGAACCAAACTGAGTTCCATCCGTGAAACGGGGACAATAACAGCACCCGCTT 980 
CCCAGGGCTGGGGAAAAGTG AAGTGC AGCGGGGCAGGCAG AGGACTTGACACAGCACTGGCCCTC AGCC A 1050 

1060 1070 1080 1090 1100 1110 1120 

■ ■ ■ < 1 ■ ■ » ■ i i ... i i i ■■ i .... i i i i t t i i i i i i i i i 1 i i i i i i i i i I i i i i I i i i i I t i i i I i i i i 1 

AC ATCC AC T AG AGGGGTGGGGT ATCGCATC AGGTGGGAGAGAACTGC AACCCTTGCAGACAGAGGTGTGG 1 120 
G GCCC AGTGC AGTGATAAG ACGGGGGTTAAC AT GGGGGTGCAGGTTGTAGGATXTGGGGACCCAAGGAGG 1190 
C AGT GACGGGGCC AGGATGCCC ACTCTGTAATCACCATGCTGTGCTGGAGTTTCTGTTCCC ITAGCGCAG 1260 
AGTCCTTAAATGTGCCGCTTTTTCTXCCC I GCAGGAAGCAAGACCCGAG AAGGTGTGGTACAAGGTGTGG 1330 
C i TCAGGTACT AGCCC AGCCCTGGCACC AGCCCTTCTCTC AMTT AGGCGGATGATCTGGCCGGGAACCAG 1400 

1410 1420 1430 1440 1450 1460 1470 

- ■ ■ ■ i . . . , i ■ ■ . . » ■ . - • ' ■ • • ■ i , . . . l ■ ■ . ■ I ■ ■ ■ ■ l i . . ■ I ■ n ■ l i i ■ i I ■ ■ ■ 1 

AGGGCGGGGGCGGGGGAGACTCCCAAGGCTTCTGCGGGAATGCT t CCTGGGGAGGGCAGGCCCTGGGAT A 1470 
C T AC AAGGCAGGGCATCGGTGTTTCCCCC TGGCTCCC AAACCCCTTCCTCAACCCCCTCCCTGCTCCAGT 1540 
GGCTGAAAAAACCAAGGAAC AGGCCTC ACATCTGGGAGGAGCTGTGTTCTCTGGGGCAGGGAAC ATCGC A 1610 
GCAGCC AC AGGACTGGTGAAGAGGGAGGAATTCCCTACTGATCTGAAGGTAAGCGATCCTTCTGACCCGC 1680 

ACATGC AGGC AAAC AC ACAC^ 1750 
1760 1770 17S0 1790 1 800 1S10 1820 

cccccc^aIcc^cacc^ \ Q Q f 0 

TCAGCTC AGAATGCATCTGAAT AAXGGCGTGCATGGGTGTGACGCTCCCGG^ 890 
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TTrTTr ATTr at TTPTTTTr ATTCAAC AAATATCC AT GCCAXAXCCAGCCCTGTCCTTGAGCTTCC AGXT dU6U 

CCCTTTCAGCCXAGGGGAGCXTG^ 2100 
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- ■ 1 .... 1 . ■ ■ • 1 . . ■ ' • ' ' ■ ' ■ I 1 • ' ' ' ' ' ' ' ' ' ' 1 ' ' 1 ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 



GGATGAGGC ATAAGCTGGTGAXTGAGTATCCAAATGGTGGAAGTG^ 2170 
CGGCGTGGAGAGCCAGCTCCCCAATCCATGCTGCCACTTCAACTGTGATTC^ 2240 

"cSSScSScCTTTTCTGCCCACAGCCAGAGGAA 2450 
2450 2470 2480 2490 2500 2510 2520 

I , . . . | .... 1 , ,) j f 1 . . ; i | 1 * * | 1 ■ ■ ' I 1 ..««<■■■» * i t i i I i i i i I I i I I 1 1 I I I I I t ill 

TTGAGCCCCTGATGGAGCCAGAAGGGGAGAGTTATGAGGACCCACCCCAGGAGGAATATCAGGAGTATGA 2520 

rrrArArrrr?ArrrrrrrAGGAGAGC^ 2590 
CCAGAGCCAGGG^TGTCCTT^^ 2660 
CCTCGGAGCCTGTC^AG™^ ^730 
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AGGGAGATCCAGCTCCGTCCTGCCTGCAGCAGCACAACCC 40 
TGCACACCCACCATGGATGTCTTCAAGAAGGGCTTlTCCA 80 
TCGCCAAGGAGGGXGTGGTGGGTGCGGTGGAAAAGACC AA 20 
GCAGGGGGTGACGGAAGCAGCTGAGAAGACCAAGGAGGG^ 160 
GTCATGTATGTGGGATTACATTTTTTTTTTAAAGAAAGAA 200 

210 220 230 240 

M ' • ■ ' ■ ' ' ' ■ ' " ' '' ' ' ' ' ' ' " '' 

TAAAT" r AAT T GTGATTAAAGTTG 223 



Figure 10 



10 20 30 40 

.....[■••• I .... i ■■ i ■ 1 i i i i l i i i i I 

TTTTTTXAGGGGGGAAAACAGGGAATAXAAAAAXAXGGGG 40 
GGGGGTTTTTXXGGGGGGGGGGGGAAAAXGGTTXGGGGGX 80 
XAACCXAAAXAAAXXCCXAXGGGGGGGGXXAXTXAAXTTT 120 
TGGGAACCCAAAGCCCXAGGAGGATTTTTXGTXAAXAACG 160 
TXACCTCXAGTGGGXCGAGGAAGACCAAGGAAAXGCCCAA 200 

210 220 230 240 

■ ... i ... ■ I i i ... ■ i < ■ ■ ■ 1 ■ ■ ■ ■ I ■ i i i I 

CXCGGTTGAXCGAGGCTGTGGTGAACAXCGTXCAACXCTG 240 
TGCCCXCCAAXAXCGTGGAGGXGGCGGAGAACATCSCGGT 280 
CACCTCCGGGGTGGTGCGCMAGGAGGACTTGAGGCCATCT 320 
KCCCCCCMACAGGAGGGTGTGGCATCCMAAGARAAAGAGG 360 
AAGTGGCAGAGGAGGCCCAGAGTGGGGGARACTAGAGGGC 400 

410 420 430 440 

■ ■ ■ • i .... i .... i ■ ...» i ■■■ 1 i ■ ■ ■ I ■ ■ ■ ■ I ' ' ■ ■ 

TACAGGCCAGCGTGGATGACCTGAAGAGCGCTCCTCTGCC 440 
TTGGACACCATCCCCTCCTAGCACAAGGAGTGCCCGCCTT 480 
GAGTGACATGCGGCTGCCCACGCTCCTGCCCTCGTCTTCC 520 
TGGCCACCCTTGGCCTGTCCACCTGTGCTGCTGCACCAAC 560 
CTCACTGCCCTCCCTCGGCCCCACCCACCCTCTGGTCCTT 600 

610 620 630 640 

■ ■ ■ ■ i . . ■ • ' ■ ■ < ■ 1 • ■ • ■ 1 ■ ■ ■ ■ < < ■ ■ ■ ' 1 1 1 1 1 1 1 1 1 * 

CTGACCCCACTTATGCTGCTGTGAATTT TTTTTTT AAATG 640 
ATTCCAAATAAAACTTGAGCCCACTCCAAAAAAAAAA 677 
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Figure 11 

alpha -SYN exons 1 -2 
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AATTTCAGCGATGCGAGGGCAAAGCGCTCTCGGCGGTGCG 40 
GTGTGAGCCACCTCCCGGCGCTGCCTGTCTCCTCCAGCAG 80 
CTCCCCAAGGGATAGGCTCTGCCCTTGGTGGTCGACCCTC 120 
AGGCCCTCGNTCTCCCAGGNCGACTCTGACGAGGGGTAGG 160 
GGGTGGTCCCCNGGAGGACCCAGAGGAAAGGCNGGGACAA 200 

210 220 230 240 

. ■ i . i . ■ ■ ■ i ■ ■ • ■ 1 ■ ■ t ■ 1 • • • • ' ■ • ■ ■ 1 * 1 ■ ■ 1 1 1 * 1 1 

GAAGGGAGGGGAAGGGGAAAGAGGAAGAGGCATCATCCCT 240 
AGCCCAACCGCTCCCGATCTCCACAAGAGTGCTCGTGACC 280 
CTAAACTTAAC GTGAGGCGCAAAAGCGCCCCAACCTTTTC 320 
CCGCCTTGNNCCAGGC AGGCGGCTGGAGTTGATGGCTCAC 360 
CCCGCGCCCCCTGCCCCATCCCCATCCGAGATAGGGACGA 400 

410 420 430 440 

■ ■ « ■ i i i ■ i l i i ■ i i i t i i l i i ■ i i i i i i I i i i i I i i i i I 

GGAGCACGCTGCAGGG AAAGCAGCGAGCGCCGGGAGAGGG 440 
GCGGGCAGAAGCGCTGACAAATCAGCGGTGGGGGCGGAGA 480 
GCCGAGGAGAAGGAGAAGGAGGAGGACTAGGAGGAGGAGG 520 
ACGGCGACGACC AGAAGGGGCCCAAGAGAGGGGGCGAGCG 560 
ACCGAGCGCCGCGACGCGAAGTGAGGTGCGTGCGGGCTCA 600 

610 620 630 640 

■ ■ ■ ■ t • • ■ • i • • • ■ ' ■ ■ ■ ■ I ■ • ■ ' 1 ■ ■ ■ ■ * ■ ' ■ ■ 1 * ■ ■ ■ I 

GCGCAGACCCCGGCCCGGCCCCTCCTGAGAGCGTCCTGGG 640 
CGCTCCCTCACGCCTTGCCTTCAAGCCTTCTGCCTTTCCA 680 
CCCTCGTGAGCGGAGAACTGGGAGTGGCCATTCGACGACA 720 
GGTTAGCGGGTTTGCCTCCCACTCCCCCAGCCTCGCGTCG 760 
CCGGCTCACAGCGGCCTCCTCTGGGGAC AGTCCCCCCCGG 800 

810 820 830 840 

■ ■ ■ ■ i • ■ ■ • i ■ ■ » ■ 1 ■ ■ • ■ 1 ■ ■ • ■ 1 ■ ' ■ ■ 1 ■ ■ 1 ■ 1 ' ■ ■ ■ 1 

GTGCCCCTCCGCCCTTCCTGTGCGCTCCTTTTCCTTCTTC 840 
TTTCCTATTAAATATTATTTGGGAATTGTTTAAATTTTTT 880 
TTTTAAAAAAAGAGAGAGGCGNGGAGGAGTCGGAGTTGTG 920 
GAGAAGCAGAGGGACTCAGGTAAGTACCTGTGGATCTAAA 960 
CGGGNGTCTTTGGAAATCCTGGAGAACGCCGGATGGAGAC 1000 

101O 1020 1030 1040 
• ■ « ■ ' ■ ■ ■ • I « • « ■ ' » ■ ■ ■ I ■ ■ ■ ■ i » ■ ' ■ 1 ■ ■ ■ ■ 1 ■ ■ ■ ■ t 

GAATGGTCGTGGGNACCGGGAGGGGGTGGTGCTGCCATGA 1040 
GGACCGCTGGGCCAGGTCTCTGGGAGGTGAGTACTTGTCC 1080 
TTTGGGGAGCCT AAGGAAAGAGACTTG ACC rGGCTTTCGT 1 120 
CCTGCTTCTGAT ATTCCCTTCTCCACAAGGGCTGAGAGNT 1 160 
TAGGCTGCTTCTCCGGGATCC 1181 
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alpha-SYN axon 3 
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CTTAAAAGAGTCTCAC ACTTTGGAGGGTTTCTCATGATTT 40 
TTCAGTGTTTTTTGTTTATTTTTCCCCGAAAGTTCTCATT 80 
CAAAGTGTATTTTATGTTTTCCAGTGTGGTGTAAAGAAAT 120 
TCATTAGCCATGGATGTAT TC ATGAAAGGACTTTCAAAGG 160 
CCAAGGAGGGAGTTGTGGC TGCTGCTGAGAAAACCAAACA 200 

210 220 230 240 

■ ■ ■ ■ 1 ■ ■ ■ ■ l i i i i i i i i t I ■ ■ i i i i i i ■ I ■ ■ i ■ i ■ ■ i t I 

GGGTGTGGCAGAAGCAGCAGGAAAGACAAAAGAGGGTGTT 240 

CTCTATGTAGGTAGG7AAACCCCAAATGTCAGTTTGGTGC 280 

TTGTTCATGAGTGATGGGTTAGGATAACAATACTCTAAAT 320 

GCTGGTAGTTCTCTCTCTTGATTCATTTTTGCATCATTGC 360 

TTGTCAAAAAGGTGGACTGAGTCAGAGGT ATGTGTAGGTA 400 

410 420 430 440 

* ■ ■ ■ 1 -t.ii ■ ■ . . i i . . i i .... i .... i . . . , i . , . . i 

GGTGAATGTGAACGTGTGTATNTGAGCT AATAGTAAAAAT 440 
GCGACTGTTTGC TTTTC AGATTTTTAATTTTGCC TAAT AT 180 
NTATGACTTNTTAAAAT GAATGTTTCTGT ACTAC ATAATT 520 
CTATNTCAGAGACAGT 536 
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Figure 11 cont. 

aloha-SYN exon 4 



10 20 30 40 
■ 1 1 ■ 1 '■ 11 1 ■ ■ ■ 1 1 1 ■ ■ ■ 1 1 '■■•*■■■•' .... i 

CTGCAGGTCAACGGATCTGTCTCTAGTGCTGTACTTTTAA 40 

AGCTTCTACAGTTCTGAATTC AAAATTATC TTCTCACTGG 80 

GCCCCGGTGTTATCTCATTCTTTTTTCTCCTCTGTAAGTT 120 

GACATGTGATGTGGGAACAAAGGGGATAAAGTCATTATTT 160 

TGTGC TAAAATCGTAATTGGAGAGGACCTCCTGTTAGCTG 200 

210 22C 230 240 

1 1 1 ' I ' i i i I i i i i I i i i i I i i i i i i i . ■ I . ... i .... i 

GGCTTTCTTCTATNTATTGTGGTGGTTAGGAGTTCCTTCT 240 
TCTAGTTTTAGGATATATATATATATTTTTTTCTTTCCCT 280 
GAAGATATAATAATATATATACTTCTGAAGATTGAGATTT 320 
TTAAATTAGTTGTATTGAAAACTAGCT AATCAGCAATTTA 360 
AGGCTAGCTTGAGACTTATGTCTTGAATTTGTTTTTGTAG 400 

410 420 430 440 
' 1 1 1 I 1 1 1 1 ^ i i i i I i i i i l i i i i i ■■■■ i • ■ ■ i i . . . . i 

GCTCCAAAACCAAGGAGGGAGTGGTGCATGGTGTGGCAAC 440 
AGGTAAGCTCCATTGTGCTTATATCAAAGATGATATNTAA 480 
AGTATCTAGTGATTAGTGTGGCCCAGTATCAAGATTCCTA 520 
TGAAATTGTAAAACAATCACTGAGCATCTAAGAACATATC 560 
AGTCTTATTGAAACTGAATTCTTTATAAASTATTTTTAAA 600 

610 620 630 640 
1 1 1 1 1 ■ ■ 1 1 1 ■ 1 t , i ■ . ■ . I . ... i .... t ... , i .... i 

TAGGTAAATATTGATTATAAATAAAAAATATACTTGCCAA 640 
GAATAATGAG 650 
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Figure 11 cont. 

alpha^SYN exon 5 



10 20 30 40 

. ■ ■ ■ i ■ ■ • ■ ' ■ ■ ■ ■ ' i i i ■ 1 ■ ■ ■ 1 1 1 ' 1 ' ' 1 1 1 1 1 1 1 1 1 1 

ATATCTTAGCCAAGATTCAATGTTTGGTTGAACC AC ACTC 40 
ACTTGACATCTTGGTGGCTT-TGTTTCTTCTGACCACTCA 80 
GTTATCTATGGCATGTGTAGATACAGGTGTA7GGAANCGA 120 
TGGCTAGTGGAAGTGGAATGA'TTTAAGTCACTGTTATTC 160 
TACCACCCTTTAATCTGTTGTTGCTCT7TAT T TGTACCAG 200 

210 220 230 240 

■ ■ ■ , i ■ . ■ i ' ■ ■ ■ 1 ■ ■ ■ ■ ' ■ ■ ■ ■ I ' ■ ■ ■ I ' ' ' ' I 

TGGCTGAGAAGACCAAAGAGCAAGTGACAAATGTTGGAGG 240 
AGCAGTGGTGACGGGTG T GACAGC AGTAGCCC AGAAGACA 280 
GTGGAGGGAGCAGGGAGCATTGCAGCAGCCACTGGCTTTG 320 
TCAAAAAGGACC AGTTGGGCAAGGTATGGCTGTGTACGTT 360 
TTGTGTTACATTTATAAGCTGGTGAGATTACGGTTCATTT 400 

410 420 430 440 

■ ■ ■ ■ i . . .. i .... i .... I ■ ■ i i » i i i i I i i i i I i i i i I 

TCATGTGAAGCCTGGAGGCAGGAGCAAGATACTTACTGTG 440 
GGGAACGGCTACCTGACCCTCCCCTTGTGAAAAAGTGCTA 480 
CCTTTATATTGGTCTTGCTTGTTT 504 
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Figure 11 cont. 

alpha-SYNexon 6__ 



10 20 30 40 

, ■■■ 1 .. . . I ... . I ■ • • • I .... I ■ ■ r I I ■ II I I I I I I 1 

AAAAGTTTACATACTTTGAGGTTGAT AACCCATGTTGCCG 40 
CAATGTTTCCCCGGAGGCATTGTGGAGTTTAGAATGCCAG 80 
TAGTAATATTAAGGTGTGCCATTTTCAAGATCCGTGGCCA 120 
ACATCCCTATATGT AAGATTTTTCCAAAACATGGTTCTGA 160 
TTTTT AAAAGTGAAAAATGCTACTTCATCATGTTCTT I TT 200 

210 220 230 240 

■ i ■ ■ I i ■ ■ ■ I ■ . ■ i I . ■ ■ ■ 1 ■ i i i I i i l I I III ■ I • • « lJ 



GTGCT TCTTACTTT AAATATT AGAATGAAGAAGGAGCCCC 240 
ACAGGAAGGAATTCTGGAAGATATGCCTGTGGATCCTGAC 280 
AATGAGGCTTATGAAATGCCTTCTGAGGTAGGAGTCCAAG 320 
CTGAATCTTTCTAACAAGACAGTACCAAAAACCTGTCATT 360 
GTCACATTTCTCTTTCATTAGTGCTTAGTGAGAATCATTT 400 

410 420 430 440 

. . . ■ i i ■ . ■ i ■ ■ ■ ■ ' ■ ■ i ■ 1 ■ ■ ■ 1 1 ■ 1 ■ ■ * ' ■ 1 1 1 ■ 1 1 

GCTCTCTACATGCTCATTACGTGGACAACTTGCAAGTTAA 440 
GAATAGTTTTTACATTTTTAAAGGGTCCTTAAAAAAAAAG 480 
AGGAGGAGGAAGATGAAGAAGAGGAAGAAAGGATGTAAAA 520 
GAAATC ATATGTAGTCCACATAGCTTAATATACNTACTAC 560 
TTGACCCTTTACAGGAAAAGCTTT ACT.AACCCCTGCATTA 600 

610 620 630 640 

i i i i i ■ ■ ■ ■ i ■ ■ ■ ■ i ■ ■ - ■ i • ■ ■ t i ■ ■ i i l i i i i I i i i i 1 

GAGAATATATTTTTTTGCAAAAAC ATTGATTGTAAATTTT 640 
AGTGTAAAGTGGGGAGCCATTTCCTATCTC ATTGGCTGTC 680 
CAGTGCTGATGCGTAATTGAAACTTATACTAACAGTGTGT 720 

GCTGTCT 727 
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alpha-SYN exon 7 



10 20 30 40 

■ ■ « < ' i ■ . ■ t i . . ■ I i ■ . ■ 1 i . . i 1 . i i ■ 1 .,1.1 .iiil 

TTTTGATTTTTCTAATATTAGGAAGGGTATCAAGACTACG 40 
AACCTGAAGCCT AAG AAATATCTTTGCTCCCAGT TTC7TG 80 
AGATCTGCTGACAGATGTTCCATCCTGTACAAGTGCTCAG 120 
TTCCAATGTGCCCAGTCATGACATTTCTCAAAGTTTTTAC 160 
AGTGTATCTCGAAGTCTTCCATCAGCAGTGATTGAAGCAT 200 

210 220 230 240 

1 1 1 1 1 ' ' 1 ' 1 ' 1 1 1 1 * ' ' ' 1 ' ' ' ' * ' 1 1 ' I * ■ ' ' 1 * t « i i 

CTGTACCTGCCCCCACTCAGCATTTCGGTGCTTCCCTTTC 240 
ACTGAAGTGAAT ACATGGTAGCAGGGTCTTTGTGTGCTGT 280 
GGATTTTGTGGCTTCAATCTACGATGTTAAAAC AAATTAA 320 
AAAC ACCTAAGTGACT ACCACTTATTTCTAAATCCTCACT 360 
ATTTTTTTGTTGCTGTTGTTCAGAAGTTGTTAGTGATTTG 400 

410 420 430 440 

■ ' ■ 1 1 1 ■ 1 1 1 ' ■ ■ ■ 1 1 ■ ■ ■ * ■ ■ ■ ■ 1 ■ ■ ■ ■ * ■ • • ■ 1 ' ' ■ ■ i 

CTATC ATAT AT T ATNAGATTTTTAGGTGTCTTTT AATGAT 440 
ACTGTCT AAGAATAATGACGTATTGTGAAATTTGTTAATA 480 
TATATNA7ACTT AAAAATATGTGAGC ATGAAACT ATGC AC 520 
CTAT AATAC TAAATATGAAATTTTACCATTTTGCGATGTG 560 
T7T7A T TCACTTGTGTTTGTATATNAATGGTGAGAATTAA 600 

610 620 630 640 

■ ■ ■ ■ 1 ■ ■ ■ ' * ■ ■ ' ■ 1 ■ ■ ■ ■ * ■ • ■ ■ 1 ' ■ ■ • * ■ ■ • » ' ■ ■ » ■ I 

AATAAAACGTTATCTCATTGCAAAAATATTTTATTTTTAT 640 
CCCATCTCACTTTAATAATAAAAATCATGCTTATAAGCAA 680 
CATGAATTAAGAACTGACACAAAGGACAAAAATATAAAGT 720 
TATTAATAGCCATTTGAAGAAGGAGGAATTTTAGAAGAGG 760 
TAGAGAAAATGGAAC ATTAACCCTACACTCGGAATTCCCT 800 

810 820 830 840 

■ ■ ■ ■ 1 1 ■ ' 1 * ■ * ■ * 1 1 ■ » ■ 1 ■ ■ * ■ 1 ■ ■ ■ ■ 1 ' * ■ ■ 1 ■ ■ ' ■ i 
GAAGCAACACTGCCAGAAGTGTGTTTTGGTATGCACTGGT 840 
TCCTTAAGTGGCTGTGATTAATTATTGAAAGTGGGGTGTT 880 
GAAGACCCCAACTACTATTGTAGAGTGGTCTATTTCTCCC 920 
TTCAATCCTGTCAATGTTTGCTTTACGTATTTTGGGGAAC 960 
TGTTGTTTGATGTGTATGTGTTTATAATTGTTATACATTT 1000 

1010 1020 1030 1040 

11111 i i i i I t t . t I i t ■ t 1 i i i i 1 i i i i I . . . , | . , . i | 

TTAATTGAGCCTTTTATTAACATATATTGTTATTTTTGTC 1040 
TCGAAATAATTTTTTAGTTAAAATCTATTTTGTCTGATAT 1080 
TGGTGTGAATGCTGTACCTTTCTGACAATAAATAATATNC 1 120 
GACCATGAATAAAAAAAAAAAAAAAGTGGGTTCCCGGGAA 1 160 
CTAAGCAGTGTAGAAGATGATTTTGACTACACCCTCCTTA 1200 
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Figure 11 cont. 



alpha-SYN exon 7 



1210 1220 
1 ■ 1 ' 1 * ■ ■ ' ■ 1 ■ ■ i i I i 




GAGAGCC ATAAGACACATT AGCACATATTAGCACATTCAA 1240 

GGCTCTGAGAGAATGTGGT TAACTTTGTTTAACTCAGCAT 1280 

TCCTCACTTTTTTTTTTTAATCATCAGAAATTCTCTCTCT 1320 

CTCTCTCTTTTTCTCTCGCTCTCTTTTTTTTTTTTTTTTT 1360 

TTTTACAGGAAATGCCTTTAAACATCGTTGGGAACTACCA 1400 

1410 1420 1430 1440 



GAGTCACCTTAAAGGGAGNATCAATTCTCTAGGACTGGAT 1440 
AAAAATTTC ATGGGCC TCC7TT AAAATGTTGCCCAAATAT 1480 
ATGGAATTCTAGGGGTTTTTCCNTAGGGGGAAGGGTT1 TT 1520 
TCTCTTTTCNGGGGAGGATCCTTTTAACNCCCCNGGGGGG 1560 
NGCCCGGAAAAT AAACTTGGNGGGGGGGNAAAACTT 1596 
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CLONING OF A GENE MUTATION 
FOR PARKINSON' S DISEASE 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

Parkinson's disease (PD) is a common neurcaegenerative 
disorder with a lifetime incidence of approximately 2 
percent. A pattern of familial aggregation has been 
documented for the disorder, and it was recently reported 
that a PD susceptibility gene in a large Italian kindred is 
located on the long arm of human chromosome A . We have 
identified a mutation in the alpha synuclein gene, which 
codes for a presynaptic protein thought to oe involved in 
neuronal plasticity, in the Italian kindred and m three 
unrelated families of Greek origin with autosomal- dominant 
inheritance for the PD phenotype. This finding of a specif i 
molecular alteration which is causative for PD w^li permit 
the detailed understanding of the pathophysiology of the 
disorder. In addition, methods of screening nurieic acids 
for the presence of mutations in the synuclein gene to test 
for predisposition to Parkinson's Disease are now possible. 

2 . Technology Background 

Parkinson's disease (PD' was first described by James 
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development of the clinical synarome w - 

-^e-s on human chromosome 4q21-q^ 
^h-.v.- that sene^t ^-^^ 

" » ; r a ia-ae family of Italian 

searegate with the PD phenotype .n — * 

. ' , rr ,,. Th . clinical picture cf the PC phenotype m the 
descent t u ; - 1 11 - 

^ H — umer----d to be typical tor 
It alian kindred has been we_ d^urr.er. . - 

,,,,, t ,. exception of a relative- 
PC, including Lewy bccies, w.tn - 
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illness at 46 * 13 years. In this 



earlier aqe of onset of 

~- . hP gene has beer, estimated to be 
faFilv the penetrance -ie ge. 

, hat a sing ie cene detect is sufficient to 
85%, suggesting that a smy 

cetermine the PL phenotype. 

. . - pr , of a mutaticn in tne 

We now report the laen.,-^— ■ 

- - a-ociatea with Parkinson's 

aloha svnucieir. gen* 

^-^-r- substitution, was found 

disease. Tne mutaticn, an «±« 

■ _- r ,.^ — four independent PD 
to be linked tc tne .- o pn— ^ 
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* nn, ^ a mntroi chromosomes, providing 
families and absent from 3.4 eontr^ 

PVldenc . that this mutation m the human alpha 
strong genetic -viaen^ 

f->r- the p - phenotvoe in these 
synuclein gene is causative I.- the P 

families . 

The Aia53Thr substitution i, localized in a r.«ion of 
the cro „ in whose secondary structure predicts an alpha 
hellc3 l nation, bounded by beta sheets. Substitute of 
the alanine with threonine i., predicted to disrupt the alpha 
helix and .«.na the beta sheet structure. Beta pleated 
sheets are thought to t. involved in the self abrogation of 

c ^-^on amvicid like 

proteins which could lead to trie term* .-on am, 

structures ( 6 ) . 

Tnrs was already tested in the case of MAC 3 5 , the 35 
amino acid peptide derived iron, alpha-synuclein that was 
first isolated from plaques found in patients with 
Alzheimer's disease { 4) . NAC35 was shown to self aggregate 
and rorm amyloid fibril which shared tne 'amyloid' 
characteristics of insolubility in aqueous solutions and 
green, birefringence under polarized ligr.t, subsequent to 

■ ■ var •■5 is located in the middle of 

Conac red staining \c.,. r»/v. ■ 3 -s 

-nH pvrpr.-is from amine acid 61 
the alpha synuclein molecule a nJ 

. . r . „_ ,^„~ c., whi~h is found to be mutated 
tc ammo acio 9o. KeoUu« , .>t.i — - 

. ^ c . i f ;,; A c'^5 Efj ro:de found in amyloid 

^ .- * the MAi" peptide involve-, 

ulaaues . However , tne uue . . _ „ - - i- 

in the plaques is not known since tne protease used to 
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isolate -he «puae rr-r, - 

therefore possible tr.a- 

alDha syr.ucieir. pro-e— . 

i". claaues. 

„ceriner.« wi--h *e» arnica , - - - 

. - - a . a =7-" specifically 

_ ~ - rpa- residues i--^> a..j - 
demonstrated ; >- - r — 

v, or s- • • :.v consisting or 

- . : s -.--> -hat a synthetic ^e. 

bind arp.yiw-- ----- 

r. - -p-for^ed similarly, 
resiaues - 

- r , v have been 

tk.^ ir.eir.be rs cf the synu^e-i. 

. ar exhibiting 95% homciogy 

characterize, ir. the rat, 

qvt,; ■ sr tne i a u 

„. b ...„, with M9h 
iS excre ssea ir. many re^cr.s ,- — i- — 

, ou nd\n the oifac^y b u lb and -act. ^^PO-P- 

a yr«. -enula, a. y9d a,a P — ~~»« ~ 

Mith i.t.^i.t. levels in t ,e * £ «« 

c . reb .llu». s, b scanfia ni ,„. «>* 

. r -; r ( - -i ,ies with tne 
ra p he .7). This pattern of expression ,..r.„. 

■ - ^ wrn i ns c r patients 
attribution cf the Lewy bodies touna _n -ams - 

wlt h Parkinson's disease. It is also interesting to note 
chat decrease m olfactory sense often accompanies tne 

«, Parkinson's disease, and in many case 
syndromic features - - "-^■' s ° 

■ „ _ ^..^-.-ir-r-mic sion of the 
it is proposed that nyposmia is * f — ^ 



illness (8) 



in tne cebra-fmcn the honoicgue ,u n, o, 

^ b<s ^v-lved ir. the process of song 

syp-eifm, is t nought uo 

a ,cr svnuciem perhaps in memor 

iearning, suggesting * ----- 
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and learning (9). In contrast to humans, rats nave a 

^ ^oiHnP ^3 of their homoloaues to the human 
threonine at residue ^joi. l.hwxx. 

alpha synucioin gene (Figure 4 . Similarly, the -bra-finch 
synelfin carries a threonine at amino acid 53, whereas both 
Bos taurus and Torpedo californica do not (10) • There are no 



reports that suggest the presence of Lewy bodies in the 
brarns of the rat or the zebra finch or a phenotype 
resembling that of PD. Lack of any phenotype could be 
explained by a combination of factors, including the 
10 following: the relative short: life scan of rodents may 

^.-•^^ f o late onset disorder, 
prohibit the observation ._.r a late 

interaction with other cellular components not present m the 
rat may be required for the phenotype, absence of a critical 
^or-i t- n nae- ^ n the rodents, or finally a 
15 heterozygous status Ala/Thr may be necessary for the 
production of a phenotype. 

r h-wc p-°"^usi" documented 
Studies of early onset .-iD rwe p._>^ur,_. 

that missense mutations can cause an adult onset 

Hi( .,. Her rh- 21 mutations described sc 

neurodegenerative Q ljJ - ae1 ' >~ ~ - - 

. i H th -^t- v were missense 
20 far in the loci for presenixi.i . a.,a - , wi 

m ~* -nnart I U '> . Missense mutations in the 
and one was a splice -variant \^±, 

Prion protein have also been implicated in the amyloid 
production seer: in Gerstmann-3traussi^r-?chei n nor an,.. 
Creutzf eld- Jakob diseases, both forms of spongirorm 

, /to. <" 1 1 -i i o <= in r ne^^ n e u r c o e q e n e i a t ^ ^ e 
25 encephalopathy {12;. ouudies l.i 
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■ -f the c-hvsicai 
disorders nave ccir.tea to tne ^p.r.a 

. = ,-f r,uta,: cellular orceins in initiative 

enemies --^ir- — 

. ^ -3 disease. Similar 

ana crc.aaa::na neuron les.o- - 

- , . rr, - . , rv^.vid^ valuable 
soua.es m toe synuclein protein rami., — 

:nsl? ,;s into me etiology ana pathogenesis of PD. 

_.,<^ t . -n= creser.iiin genes ir. 
-irr.ilarly with tne rut-'.i^-' * 

on ,et r^heiner's disease, the mutation 
patients witn wrij ^^eu ^ 

- ■ ^.^^--n ner- I* unlikely to account 

identified in the alpr.a synu^^-n gen_ 

for the ferity of sporadic and familial oases of PD. 
However, this station .ay account for a significant 
Proportion of tnese families with a nignly penetrant, early 
onset autosomal Dominant PD pnenotype. 

All publications and patent applications herein are 
incorporated by reference to the same extent as if each 
individual publication or patent application was specifically 

, , .... ... incorporated by reference. 

and individually J ..:di-3-e^ 

3. Summary of the Invention 

As described herein, we have discovered that particular 
notations in the alpha synuclein gene are associated with 
predisposition to Parkinson. s irsease . Accordingly, the 
present invention includes an isolated nucleic acid 
comprising a mutated synuclein gene. In particular, the 
isolated nucleic acid of the present invention contains at 
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Last one mutation in the alpha synuclein gene at base paxr 
position 209 of Genbank . L08S50, which, in particular. is a 
change from guanine to adenine. However, since other 
mutates in the alpha synuclein gene may also lead to 
Parkinson's Disease (PD,. other mutations are also included, 
in addition, it is conceivable that mutations in the related 
beta (46. (SEQ ID SO ID and gam m a (SEi ID NOs 12 and 13, 

lpad to PD. Thus, mutated 
synuclein genes may aiso lead 

bQm ^ 3 ^ o£ the alpha synuclein gene are also included in 
the present invention. Vectors comprising the isolated 
nucleic acid and host cells comprising such vectors are 

included as well. 

Knowledge of particular genes that are associated with 
PD allows for the search for other specific PD mutations. 
Accordingly, the present invention also includes a method of 
using a synuclein gene sequence to identify specific PD 
mutations. Such mutations may occur in an unrelated 
population or in a family that demonstrates passage of PD 

within the family tree. 

Since knowledge of mutations associated with Parkinson'* 
disease allows the development of genetic screens that test 
for an individual's chances of being predisposed to the 
disease, and such tests may he performed by hybridization 
analysis using oligonucleotides complementary to the sequenc 

, ™iification usmcr oligonucleotides 

of interest or by FlR amplUicau^ 

, ro seau^nces flanking the mutation, 

that are complementary to sequ.u^. 

■ ^ iTirTudes oligonucleotides 

the present invention also mc^uaes ^± y 
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complementary to a portion of the synuciein gene, wherein 
said portion comprises or flanks a station associated with 
predisposition to Parkinson's Disease. In particular, cne 
oligonucleotides of the present inventicn will nave a 
sequence that is complementary to a sequence from the alpha 
svnuclein gene that includes or flanks base pair positron 
209. And in particular, this mutation is a change from 
guanine to adenine at this position. 

Vectors comprising an isolated nucleic acid encoding a 
mutated synuciein gene will allow the production and 
isolation of the mutant protein in an appropriate host cen 
usin, techniques well known in the art. Alternatively, 
peptides may be chemically synthesized using techniques aiso 
well known in the art. Isolation of such a protein or 
peptides thereof will allow the study of the molecular 
mechanisms which lead to development of Parkinson's disease. 
Accordingly, the present invention also includes an isolatea 
svnuclein protein or peptide containing at least one 
mutation. In particular, this mutaticn is a. a position 
corresponding to the fifty-third amino acid in the native ^ 

, ■ „ ^^^n.iar this mutaticn is 
alpha synuciein protein, ana m p a i^u_ai, 

an alanine to threonine substitution. 

Peptides corresponding to portions or the entirety of a 
svnuclein gene may be useful as drugs for inhibiting the 
self-aggregation of mutant proteins that is thought to lead 
to Parkinson's disease. Accordingly, the present invention 
-eludes a method of testing peptides and other compounds for 
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the ability to interfere wit 



h this self -aggregation. Self- 



aggregation can be tested using a number of established 
methods, including Congo red staining, electron microscopy 
pictures of amyloid fibrils, and circular dichroism (CD) 
spectrophotometry. Using a peptide derived from the alpha 
synuclein protein that includes the mutant THR amino acid at 
position 53 alone or in combination with a normal peptide may 
allow testing for drugs that can inhibit the aggregation or 
dissolve an aggregate. This procedure can be used to rapidly 
identify agents that could be used in animal studies, 
clinical trials, or as diagnostic tools. 

Possession of isolated synuclein proteins or peptides 
will also allow the isolation of specific antibodies using 
techniques well known in the art. Such antibodies may 
distinguish a mutant synuclein protein from its wiidtype 
counterpart, and therefor could also be used in diagnostic 
screens. Alternatively, such antibodies may also be used to 
inhibit the self-aggregation of proteins during the 
progression of Parkinson's disease. Accordingly, the presen 
invention also includes antibodies specific for a mutated 
synuclein protein or peptide. It should be understood that 
useful derivatives of such antibodies, such as Fv fragments 
and Fab fragments, are also included. 

^t-cr r-.f hhp cresent invention will allow 
The above aspects 01 tne pit_t.«_iii_ 

, c ,,Ki Pr rq a^ increased risk tor- 

methods of detecting sjdi«cls a^. 

Parkinson's Disease. Such a method comprises obtaining a 
sample comprising nucleic acids from the subjects, and 

-9- 
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. • - nrpcancp of a mutation 

detecting in the nucleic acias ^ P r — nc - 



which is ass; 



:iated witn Parkinson's disease. In particular, 



- -.4: t-v^ r~rpqc r r invention 
the nuiation detected by tne ^etnca r- 

^vpfsrablv in the alpha 
is located cn human chromosome four, y rdE *- 

^ particular, the mutation causes an amino 

k-, *-be alpha svnuclein gene, 
acid substitution at position =^ — " ne a p 

. . , .„ __^ r , ru n a ^ an alanine to threonine 

which is, m pait^L.d., 

substitution . 

Th« detecting step c£ the method =£ the present 
ime -.- ; , „av be acco.pli.hed several different way, as will 
be ascribed in forth., depth below. Ail such methods are 

j'„_, r , r ci^i 1 in the art. 
well known to those or 01 dinar} ~k.^ 

. _ ^ ^ d d eteotm^ step may comprise combining 

For instance, sa^a let^LL^iH 

a nucleotide probe which selectively hybridizes to a nucleic 

acid containing a station associated with a predisposition 

to Vinson.. s disease, and detecting the presence of 

hybridization. such a probe may be an oligonucleotide that 

= oortion of the synuclem gene, wherein 
is complementary to a portion c- 

said portion comprises the mutation. In particular, such an 
oligonucleotide is complementary to a mutated alpha synuclem 
gene having at least one mutation at base pair position 20,. 
in particular, this mutation is a change from guanine to 

adenine . 

The detecting step, of the method of the present 
invention may also comprise amplifying a nucleic acid prcauct 
comprising said mutation, and detecting the presence of said 
mutation in the amplified product using any nucleic acto 
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sequencing procedure known m the art. Alternatively, the 
detecting step m ay comprise selectively amplifying a nuclei 
acid product composing said mutation, and detecting the 
presence of amplification using any appropriate method Rnown 
in the art. Such methods include gel electrophoresis of 
amplified nucleic acids, and detection of radiolabeled 
amplified nucleic acids using autoradiographic film or any 
other detection method known in the art. 

The amplifying step of the present invention may be 
perf „ rmed , Js ir.g the polymerase chain, reaction <PCR>, reverse 
transcriptase PC* CKTPC*. , or any other type of PCH reaction 

^ qt-pn will comprise at 

known m the art. Aao.ainyi)/ 

least one annealing step whereby at least one oligonucleotide 
is annealed to said sample of nucleic acids. In particular, 
said amplifying step uses two oligonucleotides. And in 
particular, the two oligonucleotides have the sequences given 

in SEQ ID NOs 2 and 3 . 

Alternatively, the detecting step of the method of the 

+- • ^ no nrpqpnce or absence 
present invention comprises detecting tne pie^ence 

t ^.-t-=, 3 a riprprtpd bv enzvmatic 

of a restriction endonuclease s.te as ae.ect.Q i,y 

digest of a nucleic acid sample. Sucn a detecting means will 

be possible when a mutation associated with a predisposition 

to Parkinson's disease results in a sequence having a new 

restriction endonuclease cleavage site, or loss of a native 

restriction endonuclease site. In particular, the mutation 

associated with Parkinson's disease results in the formation 

of a non-native TspASI restriction endonuclease site. 
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Alternat 



vely, the detecting step of the present 



, ^ , _ ... _ nr^-^-sr>^c ; ^ic c rimer and 
invention may be periormea ^sir^ « ge^- sp^c . 

mut at ior 



ohe position of the 



subsequent cnam 
using DNA polymerase and labeled nucleotides or 
dideoxyr.uciec.ides. The presence of nucleic acids in which a 
dideoxynucleotide corresponding to the mutation of interest 
is incorporated at the appropriate position may ice detected 
by any means Known in the art, including detection of 
radiolabeled dideoxynucleotides using, for example, 
autoradiographic film, or detection of fluorescent:^- labeled 



nd compounds of the present invention 



didecxynucleotiaes . 

Since the met noes a 

-c-i- ^-vp^r-ipa p-ocedures aimed at 
will be useful m. diagncsuiw ^rec.-.j 

• ■ ha.r-n^ =3 predisposition for 
identifying individual r.a,^n^ a t- ^ 

Parkin's ctsease. the present invention, also includes 
diagnostic .its which include the cc.pouncs if the present 



mvsntic n in a 

auickiv and e a s i i y - - - 



form that allows such compounds to be used 



z ne desiana t ed purpose . 



^ _ _ 1 - ^, - - <^ -np r % > 1 ^ i" ^ that t O 
Finally, the invent orb a loo ....uu-nv-d - - 



i sola tea 



, _ ,vii g.nuri ec tides and antibodies cf the 

nucleic c* '■ — ■ j- ^ ^ - - - J * * - A ~ ■ 



-i -. . i ^ , . , , ^ ^ ^ ; , r not nods directed 
• resent invention may eventually b« us,, rr._..o 



c; qpase . For 

at toe :orr< 



iC tion :r suppression of Parkinson 
I eo tides or exp 
. • , . • - -. - - - s e a u e 



. ^ ~ r ovp-^^-ion vectors designed frorr 

n u c ^ e o w- 1 '- * e s ^ i- - ^ b- ^ — ■ — — 



toe svr.uclein nuclei: i -~ - : — " - - ^ 

• =■ used in antisense tnercp;. ~- 



e-.-^ressitn of the mutated synuciem protein m 



may one aav 
inhibiting 
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. c ^ lt;P ^e or in individuals having a 
patients with Parkinson's disease, 

Predisposition for Parkinson's disease. Similarly, 

«---~h <=vnu~lem orotem may be 
antibodies specific for the mu.a-d synu-iei . 

useful m therapies directed at inhibiting the self- 

aggregation of mutates proteins a pe^tia- 

^ j A ~r rr^np ' <0 associated 
having Parkinson's disease. Knowledge gene,-. 

_ f P , r <-,p SC .p^ disease may also allow 
with the development ^f Par.^nscr. 

t ,\~ , avnrpss the mutant 
the design of transgenic animals whx... express 

- nspful disease model, 
gene(s). Such animals may serve as * us.tui 

allowing one to test tne streets o. -d-aa- - 
therapeutic compositions in the treatment or inhibition or 

Parkinson 1 s disease. 

A detailed description of the present invention is now 
provided, and should not be considered as limiting on the 
cresent invention as described above. 
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4 . 



Brief Description of the Drawings 



Figure 1. 

DHA sequence of the PGR product used for mutation 
dete ction ( SEQ ID NO 1 , . Oligonucleotide primers are shown 
by arrows and the numerals and 13 (SEQ ID NO 2 and 3) - 

. „ h _ r . _ 1ower case and exon sequence in 
Intron sequence is showr. m iuw<=i 

■ ; , -f t-pe ?:-:on is shown 

ucoer case. Amir.o aciu ^ra.^^^~- -■■ - 

^v. , ba [ -'-- recresents the 

below the DIj A sequence. in-= • • • • 

,u c u. '"'no resultmq amino acid 
G'"'G a A change m the mutan. all^~- 
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Ala53TT.r change is represent 

I site is indicated 



: cv the circled arr.mo acid. The 



r;ove the DNA 

Iv creates ,5D4 5 - — - -~ 



new 
seauer.ce 



Figure 2. 

- -tc,tx -ranne is shown ir. a 
vutaticn analysis or tne ^C_.. 

- -a^an Andrea. "."-Ilea synbois represen" 

suboedigree or the x^-.a.. 

identifiers, denote the 
affected individuals . .<^e.^- ---- 

-p^ic - diaestion or F^-R 
individuals inraediate.y aDOve . .s.-.- - - - 

. ,,f r-.^ iiaure, and rtadnent 
products is shown at tne oo... - 

size5 are indicated on tne ngnt ir, base pairs. 



Figur 
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, m , m - )t t- h . G2no A chanae in ?.T ?CR products 
Mutation analysis ot o^-. 

-r-H ^ normal control, 
, . -n n bo 1 adder, lanes - ^.a n.i.ua- 
(7) . Lane i. : j-^u d P , 

,^ -leqative control without RT 
lanes 4 and 5 PD patient, iane aej d u 

. _ H _ ,iah: in base pairs. Lanes 

enryne . Sizes are indicated — 

C Pit-] A CUt With 

2 ana 4 show uncut DMA and lanes , «nu „ s._. - 



Tsp4 5 I • 



"'^e^n^ of alpha sv,uciein r.^molocue. ir. 

d:::sK r, spec.es. ,==«si=n r.^rs t T.e 

. c-., c .-^,-.t F3-8 4G (BED ID MO 
were as follows: Heme sapie,, — 

I S£ ri I D NO 1 . , 5os 

-,attu 



us norvegious Swiss- Prot 
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taurus Swiss-Prot P33567 (SEQ ID NO 6), Serinus canana 
genbank L33860 (SEQ ID NO 7), Torpedo californica Swx 
P37379 ( SEQ ID NO 8) . Numbering on top of the alignments is 

according to the human sequence, 
site cf the Aias3Thr change, is circled 



_ss-Prc < 



Ammo acid 53, which is the 



>diaree of a large family with PD (3). The 



Figure 5 

The pe< 

clinical and paralogical features of some members of this 

kindred were previously reported. 



Figure 6. 

„ ^- — p ..^r- analysis between chromosome 4q 

Multipoint ^^'b o^Jl- a na -j, 

markers and the PD mcus. 



Figure 7 . 

x. table of human synucleir. clones identified from 
various databases. Columns Labeled 5' and 3' show tne 
sequence acquisition number., . CLonss were identified by 

i - ; - ~; ~j seau^nce. Human aamma 
homology to protein :r nuclei a s.qa^ce 

■ , ^ f hpmolnq- :o known mouse and rat 

clones were laentif-^u ^ 7 ncmoi^ J: 

gamma synuclem sequences . 



bgure c . 

f - 139A2C for human beta synuclem. 



5 e a u e n c * 
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^v-^ot-cj — known database 
5 AC ccr.e vjgS * - - -l a - - a - w - - - 

. ■ ^-^^ - ^auence 3hov:n includes 
sequences aescr:oea xn ngare . . 

■iodine increnic 



.i coding even sequences ana seme nc: 



seauences . 



SEQ Z£ NO : 1 1 



Figure 9. 

. ; p .~ ~-^ e 1 T4F13 for r.uma: 
Sequence from the z< ena 

^ clone was related with primers 

gamma syr.uc.ei... ^n- 

from che database sequences described in F:aure 
NO : I 2 ■ 



Fiqure 1 0 . 

"V end -f BAG clone 174P12 for human 
Sequence from tne o end ^ 

. = ^ _ ^ =. =; described in 
i ■„ oar r~inne was isolated js 
gamma synucleir. . BA'- - one 

n^n° has now been 
Figure 9. The entire human gamma synu-i*-.. g — 

o^r-L-- H^r^ssion number 
sequenced and has been deposited m .enbar.K. ^-s 

AF04 4 311 . (SEQ ID NO: 13) 
Fidure 1 1 ■ 

secue.ee of e.ons 1-7 of th. h.» alpha .ynuclein gene. 
plus some fi.nkin, ir.-.ror.ic ..quence fo. « = - ' SEQ ID 



NOs 14-19} 

5. Detailed Description of the Invention 
Definitions 

Unless defined otherwise, ail technical and scientific 
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terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials similar 
or equivalent to those described herein can be used in the 
5 practice or testing of the present invention, the preferred 
methods and materials are described. For purposes of the 
present invention, the following terms are defined below. 

This invention provides a method of diagnosing or 
predicting a predisposition to Parkinson's disease. The 
,0 method comprises detecting in a sample from a subject the 

presence of a mutation, for example in nucleotide position 
209 of the human alpha synuclein gene. The presence of the 
mutation indicates the presence of or a predisposition to 

Parkinson ' s disease . 
15 as used herein, the term "gene" primarily relates to a 

coding sequence, but can also include some or all of the 
surrounding or flanking regulatory regions or introns . The 
te rm "gene" specifically includes artificial or recombinant 



2 0 



genes 



■ nwA inr ludinq recombinant 
created from cDNA or genomic DNA , including 

genes based upon splice variants. 

As used herein, the term "synuclein" gene or protein may 
r£f er to the alpha synuclein gene or any homologue thereof. 
A "homologue" is understood to mean any related gene or 
protein that is at least 25% homologous to the alpha 
synuclein gene or protein or performs a related function. 

^„ r ~-iv. v^-F^r^ co alpha, beta 
Preferably, a synuclein gene or pict.i,. .e^~ 

or gamma synuclein, but most preferably refers to alpha 

-17- 
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synuciein . 

As used herein, an "isolated nucleic add" is a 
^bcrucieic acid, deoxyribonucleic acid, or nucleic acid 
anai: = comprising a poiynucleoc iae sequence th.c has been 
isolated or separated from sequences that are immediately 
cor: ,„s, i.e. on the ,. and V ends, in the naturally 
occurring genome of the organise fro. which it is derived. 
The -„erm therefor includes, tor example, a recombinant 
nucleic acid which is incorporated into a vector, into an 
autonomously replicating rlasmid or virus, =r into the 
genomic DKA of a Promote or eukaryote, or which exists as 
. separate molecule independent from any other sequences. 

,n isolated nucleic acid of the present invention may be 
-operatives linked" to an expression control sequence or 
regulatory region. As used herein, "operatively linked" 
means that the components are Joined m such a way that the 
expression, transcription or translation of the sequence is 
under the influence or control of one regulatory region. 

AS used herein, a "predisposition" tc Parkinson's 
dlE ease means an increased probability of developing 

- ■ ^ubiect's lifetime as compared 

Parkinson's disease during tne subject: 

tc t-be average individual. 

Pertaining to this probability, a LOD score is a measure 
of oenetic linkage usee herein, defined as the log., ratio of 
th . orobabilicy tnat the data would have arisen if the loci 
... , inked to the probability that the data could have ariser 
f.om unlinked loci. The conventional threshold for declanr. 
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, n i <5 a 1000:1 ratio (which 

linkage is a LOD score of 3.0, that is, 

■ _u u ^ cn.i nrnbabiU-v that any random 
must be compared with the 50... prDOao^i -y 

pair of loci will be unlinked) . 

AS used herein, reference to "base parr position" or 
■amino acxd position" when referring to an isolated nucleic 
acid, probe, protexn or peptide always indicates the relative 
position in the native gene or protein. 

A -probe" refers to a nucleic acid which has sufficient 
nucleotides surrounding the codons at the mutation positions 
to distinguish the nucleic acid from nucleic acids encoding 
non-related genes. The specific length of the nucleic acid is 
a matter of routine choice based on the desired function of 
the sequence. For example, if one is making probes to detect 
the mutation in base pair position 209, the length of the 
nucleic acid is preferably small, but must be long enough to 
prevent hybridization to undesired background sequences. 
However, if the desired hybridization is to a nucleic acid 
which has been amplified, background hybridization is less of 
a concern and a smaller probe can be used. In general, such a 
probe will be between 10 and 100 nucleotides, especially 
between 10 and 40 and preferably between 15 and 25 

-v t*- i= ar.narent to cne cf skill in the 
nucleotides m length. It is apparenu 

■ ^ «- • ^~ Joip^rms and additions 
art that nucleotide substitution., dele^ons, 

may be incorporated into the polynucleotides of the 

invention. However, such nucleotide substitutions, deletions, 

and additions should not substantially disrupt the ability oi 

the polynucleotide to hybridize under coitions that are 
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=uf « icien civ stringent to result in specific hycr idizao ion . 

As »sea herein with respect genes, "the T.orn.1- 

_ - ^^-o^-^i^ As used 
refers Co a gene which encodes a n.rm a . r -c 

, e r»- with respect to proteins, the -.er, "normal" means a 
protein which prior.. t« usual or normal physiological role 
and which is not associated with, or causative of, a 
pathogenic condition or state. Therefor, the tern "normal" 
is generally svnonomous with the phrase "wild type". 

For any given gene or corresponding protein, a 
nu^olicitv of normal allelic variants may exist, none of 
which is associated with tne development of a pathogenic 
condition or disease state. Such normal allelic variants 
include, but are not limited to, variants in which one or 

j rpqiiU in a change in 

more nucleotide substitutions do no. i-su-t 

the encoded ammo acid sequence. 

AS used herein, the term "mutation" generally refers to 
a mutation in a gene that is assorted with a predisposition 
to Parkinson's disease. "Mutant" can specifically refer to a 
mutation at nucleotide position SO* of the synuoiein gene, 
and is in particularly a G to A transition. However, other 
mutations in the synuclein gene or other genes which are 
associated with a predisposition to Parkinson's disease are 
also encompassed. Furthermore, the term "mutation- is not 

rr 11 --r^o"S but can also mean a 
limited to transit^-.* mu^t _o.,s , 

t-v=nBvo rsion as well, 
deletion, insertion ~r .ranswrsx,. 

The term "mutant", as it applies to synuclein genes, is 
not intended tc embrace sequence variants which, due 



:o the 
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degeneracy of the genetic code, encode proteins identical to 
the normal sequences disclosed or otherwise enabled herein; 
nor is it intended to embrace sequence variants which, 
although they encode different: proteins, encode proteins 
which are functionally equivalent to normal synuclein 
proteins. The term "mutant" means a protein which does not 
perform its usual or normal physiological role and which is 

associated with, or causative of, a pathogenic condition or 

state . 

Since a mutation can be a substitution, deletion or 
insertion, a mutated synuclein "protein" is understood to 
refer to the amino acid sequence resulting from any such 
mutation whether the resulting protein is shorter, longer or 
modified, i.e. due to an alteration in reading frame or 
generation of stop codon. In addition, "peptide- is 
understood to refer to a portion of the mutated protein that 
is preferably at least five base pairs long, and more 

- n-^ c -nr:ion may be 

preferably at least 10 base pairs _on y . ...is 

derived from the ammo or carboxyl terminus, or it may be an 
internal portion of the full length protein. As such, a 
oeptide may be chemically synthesized using any method known 
in the art, or may be made using a recombinant DNA technology 
and an appropriate purification scheme or isolated from the 
native protein using enzymatic digestion. 

As used herein, the term "substantially pure" means a 
preparation which is at least 60% by weight the compound of 
interest. Preferably the preparation is at least 75%, more 
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, - i„ on- and -sr p-eferablv an least 99%, by weight 
oreferaciy ^u-o, ana .l^^l. h ^ ^- ~ w 



15 



D . 1Y .^ r v .-a~- be measured by any 
n t e r e s t . ruij.iv ^ cw * ^ w 



20 



the coxpour.i c: 

_< a .~ n^hod i e. column chrorr.otcgraphy , gel 

electrophoresis or KPLC analysis. 

- ~~A,r~ K-hri^izaticn" as used herein 
"Specific or selective nvorx-i^' 

me ans the formation of hybrids between a probe nucleic acid 
(e.g., a nucleic acid which may include substitutions, 

\ v,^ - cn pnf ; c taraet nucleic 
deletions, and/or additions) ana « speci-.c 

• * a a n-clex:: add having the mutated sequence) , 
acid ie.g. , a ii^oxcj.- 

- ^„„.---^v hvb-'dizes to the specific 
wherein the probe prererent.a^y nyc- — 

- «r-h t-at 'or example, a band corresponding to the 
taraet sucn tui, 

mcat ea DNA or r..trietic» ft*~t --hereof car. be i*«Ul- 

on a Southern bloc, whereas a corresponding normal or 

wl ld-cype D»A i. not identified or can be discriminated fro. 

. variant DNA on the basis ot signal intensity. Hy.ridix.tion 

^ r,t q ^^c hybridization to detect a 
probes capable ot spe.x.^ -y^ 

i ■ „^^a ^mrdina to methods 
single-base mismatch may be designed adding 

known in the art (13-17) . 

u 3C re f e v S to hybridization conditions is 

"°,trinaent" as ±- lere-^ 

a „^ o£ art understood by those of ordinary sKill to refer 
to those conditions of temperature, chaotrophrc acids, buffer 

w ^ ^rrnHnn of a particular 
Mh^rh n^rTiit hybridisation ^ i_ ci ^ 
and ionic strength wnicn p-in^ y 

nuc ^. acid sequence to its complementary sequence and not 
co substantially different sequences. The exact conditions 
which constitute "stringent" conditions depend on the nature 

. , „. nlPrc , the ienath of the sequence, ana 
of the nucleic acia sequence, t.ie 

,,.K q ets of that sequence 
the frequency of occurrence or subsets 

-22- 



SUBST1TUTE SHEET (RULE 26) 



WO 98/59050 



PCT7US98/13071 



10 



15 



10 



within other non-identical sequences. By varying 

! ^, T „i n -f Qtrinaencv at which 
hybridization conditions trom a level stunge. y 

non-specific hybridization occurs to a level at which only 
specific hybridization occurs, one of ordinary skill in the 
art C an, without undue experimentation, determine conditions 
which will allow a given sequence to hybridize only with 
complementary sequences. 

' suitable ranges of stringency conditions are described 
in Sambrook et al . (13). Hybridization conditions, depending 
on the length and commonality of a sequence, may include 
temperatures of 20»C-65*C and ionic strengths from 5X to 0 . IX 
SSC. Highly stringent hybridization conditions may include 

a= i™, 40"C-47V (when denaturants such as 
temperatures as low as <±- - v 

a^°r in ionic strengths 
formanide are included) or up to So m i-n 

as low as 0.1X SSC . These ranges are, however, only 
illustrative and, depending on the nature o£ the target 
sequence, and possible Euture technological developments, .ay 
b e .ore stringent than necessary. Appropriate conditions may 
be determined tor each specific nucleic acid sequence or 
oliaonucleotide probe using standard control and a level of 
experimentation that i. not considered to be undue by those 
of skill in the art . 



iter detan , 



the mutation can 



As discussed below m grea.f 

For example, the detecting step 



be detected by many methods. 
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ca 



n comprise combining a nucleotide probe capable of 
selectively hybridizing to a nucleic acid containing the 

• - r.i a <~ samoie and detecting the 

mutation witn a nuclei, acxa ... t — ^ . 

presence cf hybridization. Additionally, the detecting step 
can comprise amplifying the nucleotides surrounding and 
includina the mutation and detecting the presence of the 
station in the amplified product, or selectively amplifying 
the nucleotides of the mutation and detecting the presence or 
amplification. Finally, the detecting step can comprise 
detecting the presence or absence of a restriction fragment 



create 



,d bv an enzyme digest of the sample nucleic acid, or 



any other detection means known in the art. 

nprprti^P T^rnniques 

Once the location ,f a PD-reievant mutation is known, 
Che methods to detect such a mutation are standard in the 
art. The sequence of various nucleotide probes can be 
determined from the known sequence of the relevant gene, 
especially the sequences surrounding the mutation. 

Detection of point mutations using direct probing involves 
the use of oligonucleotide probes which may be prepared, for 

■ ^v^-iarnnr The probes may 
^u^^nr-^i^A' bv nick trari£:iai:ioii. lilC J 

example, synthetica.^ J^y 

be suitably labeled using, for example, a radio label, enzyme 
lab el, fluorescent label, biotm- avidm label and the like 
for subsequent visualization by any appropriate assay, i.e. 
Southern blot hybridization. In this procedure, the labeled 
probe is reacted with sample CNA that is bound, for example, 
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to a nylon filter under conditions such that only fully 
complementary sequences hybridize. The areas that carry DNA 
sequences complementary to the labeled DNA probe become 
labeled themselves as a consequence of the reannealing 
reaction. The areas of the filter that exhibit such labeling 
may then be visualized, for example, by autoradiography. 

Methods cf manipulating hybridization conditions to 
achieve varying degrees of specificity are well known in the 
art. For example, tetra-alkyl ammonium salts may be used to 
bind selectively to A-T base pairs, thus displacing the 
dissociation equilibrium and raising the melting temperature. 
At 3M Me 4NC1, this is sufficient to shift the melting 
temperature to that of G-C pairs. This results in a marked 
sharpening of the melting profile. The stringency of 
hybridization in such an experiment is usually 5'C below the 
Ti (the irreversible melting temperature of the hybrid formed 
between the probe and its target sequence) for the given 
chain length. For a 20mer oligonucleotide probe, the 
recommended hybridization temperature is about 58°C. The 
washing temperatures are unique to the sequence under 
investigation and need to be optimized for each variant. 

There are certainly other ways known in the art for 
adjusting hybridization conditions in view of desired 
specificity. For instance, although hybridization may be 
carried out in accordance with conventional hybridization 
methods under suitable conditions with respect to e.g. 
stringency, incubation time, temperature, etc, the choice of 
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conditions will depend on the desired degree cf 
complementarity between the fragments to be hybridized. A 
nigh degree of complementarity requires more stringent 
conditions such as low salt concentrations, low ionic 
strength of the buffer and higher temperatures, whereas a low 
degree of complementarity requires less stringent conditions, 
e.g. higher salt concentration, higher ionic strength of the 
buffer or lower temperatures, for the hybridization to take 
place . 

The support to which DNA cr RNA fragments of the sample 
co be analyzed are bound in denatured form is preferably a 
solid support and may have any convenient shape. Thus, it 
may, for instance, be in the form of a plate, e.g. a thin 
layer or a microtiter plate, a strip, a solid particle e.g. 
in the form of a bead such as a latex bead, a filter, a film 
or paper. The solid support may be composed of a polymer, 
preferably nylon or nitrocellulose. 

Alternative probing techniques, su:h as iigase chain 
reaction (LCF.) , may involve the use of mismatch probes, i.e.. 
P robes which are fully complementary with the target except 
at the point of the mutation. The target sequence is then 
allowed to hybridize both with oligonucleotides which are 
fully complementary and have oligonucleotides containing a 
mismatch, under conditions which will distinguish between the 
two. Ey manipulating the reaction conditions according to the 
above considerations, it is possible to obtain hybridization 
only where there is full complementarity. If a mismatch is 
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present there is significantly reduced hybridization. 

The polymerase chain reaction (PGR) is a technique that 
amplifies specific DNA sequences with remarkable efficiency. 
Repeated cycles of denaturation , primer annealing and 
5 extension carried out with Tag polymerase, e.g., a heat 

stable DNA polymerase, leads to exponential increases in the 
concentration of desired DNA sequences. Given a knowledge of 
the nucleotide sequence of the mutations, synthetic 
oligonucleotides can be prepared which are complementary to 
10 sequences which flank the DNA of interest. Each 

oligonucleotide is complementary to one of the two strands. 
The DNA is denatured at high temperatures (e.g., 95^C) and 
then reannealed in the presence of a large molar excess of 
oligonucleotides. The oligonucleotides, oriented with their 
15 3- ends pointing towards each other, hybridize to opposite 

strands of the target sequence and prime enzymatic extension 
along the nucleic acid template in the presence of the four 
deoxynbonucleotide triphosphates. The end product is then 
denatured again for another cycle. After this three-step 
20 cycle has been repeated several times, amplification of a DNA 
segment by more than one million-fold can be achieved. The 
resulting DNA may then be directly sequenced in order to 
locate any genetic alteration. Alternatively, it may be 
possible to prepare oligonucleotides that will only bind to 
2=. altered DNA, so that PGR will only result in multiplication 
the DNA lf the muta tion is present. Following PGR, direct: 



V 



visualization or allele-specif ic oligonucleotide 
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j Herprr "he Parkinson's 
hybridization (IS) may ce used _c detec. -ne 

. ^ , lte v. a ri v »iy, PCR mav be followed 
disease point rutat ion. rt x.e...a~ , 

- ^, q oqr ; ^ri with subsequent 

by restriction er.aonuc- = ase Q1 9- s ^-' 

analysis of the resultant products. 

' As shown in the examples, the substitution of G for A at 
hase pair 23. of the synuciein, results in the gam of a 



Tsp45I site. The gam of this restriction endonuciease 
recognition site facilitates the detection of the Parkinson's 
disease mutation using restriction fragment length 
Dom hism (RFL P> analysis or by detection of the presence 
or absence of the restriction site in a PCR product that 
spans base pair position 209. 

^ RFLP analysis, DNA is obtained, for example from tne 
hlood cells of the sublet suspected of bavmg Parkinson's 
disease and from a normal subject, is digested with a 
restriction endonuciease, and subsequently separated on the 
basis of size by agarose gel electropnoresis . The Southern 
technique can then be used to detect, by hybridization with 
labeled probes, the products of endonuciease digestion. The 
patterns obtained from the Southern blot can then be 
compared. Using such an approach, an additional restriction 
endonuciease site, such as a Tsp4 5I site, is detected by 
determining the number of bands detected and comparing this 
number to the normal subject. 

The creation of a new restriction site as a result of a 
nucleotide substitution at a disclosed mutation site can be 
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readily determined by reference to the genetic code and a 
list of nucleotide sequences recognized by restriction 

endonucleases (19) . 

in general, primers for PGR are usually about 20 bp in 
length, and are most preferably 15-25 bp. Denaturation of 
strands usually takes place at 94 *C. and extension from the 
primers is usually at 72^C. The annealing temperature varies 
according to the sequence under investigation. Examples of 
reaction times are: 20 mins denaturing; 35 cycles of 2 min, 1 
min, i min for annealing, extension and denaturat ion ,- and 
finally a 5 min extension step. 

PGR "amplification of specific alleles" ( PAS A) may also 
be used to detect the presence of the PD mutation. PASA is a 
rapid method of detecting single-base mutations or 
polymorphisms (22-28). PASA (also known as allele specific 
amplification) involves amplification with two 

oligonucleotide primers such that one is allele-specif ic. The 
desired allele is efficiently amplified, while the other 
allele (s) is poorly amplified because it mismatches with a 
base at or near the 3' end of the allele-specif ic primer. 
Thus, PASA or the related method of PAMSA may be used to 
specifically amplify the mutation sequences of the invention 
Where such amplification is done on genetic material .or RNA 

i A*- r-an cprvp as a method of 
obtained from an individual, it can sewe 

detecting the presence of the mutations. 

As mentioned above, a method known as ligase chain 
reaction (LCR) can be used to successfully detect a 
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single-base substitution (29, 30). LCR probes may be 
combined or multiplexed for simultaneously screening for 
multicle different mutations. Thus, LCR can be particularly 
useful where multiple mutations are predictive of the same 
disease . 

Finally, the Parkinson's disease mutation of the present 
invention may also be detected using chain termination with 
labeled dideoxynucleotides . For instance, U.S. Patent No. 
5,047,519 to Hobbs et ai . discloses f luorescent iy- labeled 
nucleotides as chain-terminating substrates for a 
fluorescence-based DNA sequencing method. With such 
substrates and knowledge of the gene sequence of interest, it 
is possible to design an assay using a gene-specrf ic primer 
to Vitiate a polymerase reaction immediately flanking the 
position of the mutation, employing color-coded 
dideoxynucleotide terminators such that the specific 
nucleotide at the position of the mutation may be easily 
determined via a color imetric assay. 

Tr— 1°^^ Animal? and Cel 1 Lines 

Having identified subjects having a predisposition to 
Parkinson's disease associated with a specific mutation, the 
subjects can participate in the screening of putative agents 
capable of treating Parkinson's disease. This method 
comprises administering the test agent to the subject, which 
may he a human, which has a mutation in a gene associated 
with Parkinson's disease and monitoring the effect of the 
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agent on the subject's condition. If the symptoms of 
Parkinson's disease improve, the agent can be used as a 
treatment for the disease. 

in addition, it is possible to develop transgenic model 
systems and/or cell lines containing the mutated nucleic 
acid(s) for use, for example, as model systems for screening 
for drugs and evaluating drug efficiency. Additionally, such 
m odel systems provide a tool for defining the underlying 
biochemistry of, for instance, the mutated synuclein gene, 
thereby providing a rationale for drug design. 

One approach to creating transgenic animals is to mutate 
the animal gene of interest by in vivo mutagenesis, transfer 
the mutant gene into embryonic stem cells by DNA transfection 
and inject the embryonic stem cells into blastocysts in order 
to retrieve offspring which carry the disease - causing 
mutation (31). Alternatively, the technique of microinjection 
of t he mutated gene, into a one-cell embryo followed by 
incubation in a foster mother can be used. Alternatively, 
vir ai vectors, e.g., Adeno-associated virus, can be used to 
deliver the mutated gene to a stem cell, or may be used to 
target specific cells of a fully developed animal (32,33). 



^^^d^and^conbinant Exr 2 res^io^f-^y^ti^ 

When the mutated gene product is a polypeptide, e.g. the 
25 209 mutation, it can be used to prepare antisera and 

monoclonal antibodies using, for example, the method of 
Kohler and Milstein (34). Such monoclonal antibodies could 
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ns. Additionally, spleen cells are 



• • mnqri - rocr , cr rr.av even be 
Chen form the casis or a aiagnost-*- t 

useful in therapies directed toward inhibiting the action of 
the mutant protein in a patient with Parkinson's disease. 

Mutant polypeptides can also be used to immunize an 
animal for the production of polyclonal antiserum (35) . For 
example, a recombinant ly produced fragment of a variant 
polypeptide can re injected into a mouse along with an 
adjuvant so as to generate an immune response. Murine 
immunoglobulins which specifically bind the recombinant 
fragment can be harvested from the immunized mouse as an 
antiserum, and may be further purified by affinity 
chromatography or other mean: 

harvested from the mouse and fused to myeloma cells to 
produce a ban, of ant ibody- secreting hybridoma cells, whicn 
can then be screened for clones that secrete immunoglobulins 
which bind the recombinants produced fragment with an 
increased affinity. More specifically, immunoglobulins that 
selectively bind to the variant polypeptides but poorly or 
not at all to wild-type polypeptides are selected, either by 
20 pre-absorption with wild-type proteins or by screening ot 

. j=- ^inrvnes that bind the 
hybridoma cell imes ror ^ueux 

variant but not wild-type. 

^ ^ea-q ^r-~e^n protein and 

These antibodies can r>e used sc.e-.i y 

_,, r -,-^^ proteins. A 
Tissue samples for the presence mata^ P^ 

^*-^ n nrC u-s when the specific antiboay 
25 colored enzymatic reac^on occurs 

^ *-v after thorough 
remains bound to its target protein, in s^u, 

washing, as directed by established protocols. 



-32- 

SUBSTITUTE SHEET (RULE 26) 



WO 98/59050 



PCT/US98/13071 



The nucleic acid sequences cf the present invention will 
be capable of expressing the desired mutant or normal 

v-nar rpil For expression in 
polypeptides in an appropriate host ceu. 

host cells, the DNA sequences of the present invention will 
be operably linked to, i.e., positioned to ensure the 
functioning of, an expression control sequence. For example, 
such polynucleotides can include a promoter, a transcription 
termination site (polvadenylation site in eukaryotic 
expression hosts), a ribosome binding site, and, optionally, 
an enhancer for use in eukaryotic expression hosts. In 
addition, the DNA sequence of the present invention may also 
be fused such that the reading frame is conserved to an 
appropriate signal sequence to facilitate expert of the 
encoded protein across the ceil membrane. 

Expression vectors are typically replicable in the host 
organisms either as episomes or as an integral part of the 
host chromosomal DNA. A variety of suitable expression 
vectors are disclosed m Sambrock et al . (13). Commonly, 
expression vectors will contain selection markers, e.g., 
tetracycline resistance or hygromycin resistance, to permit 

c ^v,^--, r-pT is transformed with 
detection and/or selection cf those ce-±s 

the desired DNA sequences. 

E. coli is one prokaryotic host that is particularly 
useful for cloning ana expression of the DNA sequences of the 
present invention because of the wide variety of available 
expression systems. Vectors suitable for use in E. coli are 
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known and are commercially available, i.e. pBR322 (13), 
PBLUESCRIPT iStratagenei , etc. Also, a variety cf different 
types of expression systems may be used, including plasmids, 
cosmrds, bacteriophage lambda, etc. Other microbial hosts 

air v, as Bacillus subtiius, 
suitable for use incluae oacill-, s^.. ^ 

and other enterobacteriaceae, such as Salmonella, Serratia, 
and various Pseudomonas species. Expression vectors for use 
in prokaryotic host ceils will typically contain expression 
control sequences compatible with the host cell (e.g., an 
origin of replication) . In addition, any of a variety of 
well-known promoters may be used, such as the lactose 
promoter system, a tryptophan (Trp) promoter system, a 
beta-lactamase promoter system, or a promoter system from 
phage lambda. A promoter may optionally contain an operator 
sequence for regulatable gene expression, and will have a 
ribosome binding site sequence for the initiation of 
translation . 

In addition to microorganisms, mammalian tissue cell 
culture may also be used to express and produce the 
polypeptides of the present invention (36). Vectors for use 
in eukaryotic cells are known and commercially available, 
i.e. P cDNA3 ( Invitrogen) . Eukaryotic cells are actually 
preferred, and a number of suitable host cell lines capable 
of secreting intact human proteins have been developed in th 
art, including CHO ceils, COS cells, HeLa cells, myeloma eel 
lines, Jurkat cells, etc. Promoters for use in eukaryotic 
vectors may be cell - specif ic , or capable of being expressed 
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in a wide variety of cells, i.e. viral promoters. 

Expression vectors of the present invention (e.g., 
comprising nucleic acid sequences encoding a mutant or normal 
polypeptide) can be transferred into the host cell by 
well-known methods, which vary depending on the type of 
cellular host. For example, calcium chloride transfection is 
commonly utilized for prokaryotic cells, whereas calcium 
phosphate treatment or electroporat ion may be used for other 
cellular hosts. 

Kits 

The method lends itself readily to the formulation of 
test kits which can be utilized in diagnosis. Such a kit 
would comprise a carrier compartmentalized to receive in 
close confinement one or more containers wherein a first 
ontainer may contain suitably labeled DNA probes. Other 
containers may contain reagents useful in the localization of 
the labeled probes, such as enzyme substrates. Still other 
containers may contain restriction enzymes (such as Tsp45I>, 
buffers, etc., together with instructions for use. 



c 



DESCRIPTION OF THE INVENTION 

^ ■ 4- -h^ prpf prr^d T^rnV-xnri i men t s 
npf.iled np.^ri pnnn or tn^ Preterr^a 

The followmg laboratory procedures were used: 

^ .niiprrp^ ucon informed consent. High 
:5 DNA samples were collected ulo. 



mo 



lecular weight genomic DNA was isolated from whole-blood 
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lysate by methods previously described (38) . Genotyping was 
performed as previously described (39) . Pairwise linkage 
analysis was performed using the ML INK program of the 

, a i An a~>\ Allele freouencies were used as 
FASTLINK package (40-4^) . ^ ieie - 

reported in the Genomic Data Base (http://gdbwww.gdb.org) and 

the Cooperative Human Linkage Consortium (CHLC) database 

(http://www.ohlc.org) . Multipoint analysis was performed 

using the LINKMAP program of the FASTLINK package. For the 

multipoint analysis allele frequencies were set to i/n where 

n equals the number of alleles observed. In the two point 

analysis LOD scores were calculated for both the reported 

and the l/n allele frequencies with minimal effect on the 

maximum LOD score observed. Simulations of multipoint 

analysis in a subset of the pedigree with different allele 

frequencies similarly indicated no significant effect on the 

scores calculated. Maximum LOD scores as shown were observed 

for the heterozygote and homozygote disease allele penetrance 

set to 0.99, which is similar to the PD allele penetrance 

previously reported ranging from 0.88 to 0.94 (3). All 

unaffected individuals used in the study were of age above 

the mean for onset of illness. Disease allele frequency was 

set to 0.0001. Distances and order of genetic markers were 

set as reported in the CHLC database. Overlapping three 

point analysis was performed for markers D4S2361, D4S1647, 

, , n allele D4S23 80 locus was not 
D4S421 and the PD locus . The axie.e 

included because of prohibitive time run. Multipoint 



-36- 



SUBST1TUTE SHEET (RULE 26) 



WO 98/59050 



PCT/US98/13071 



10 



c a ~n an t rm S^2 narallel computer and 
analysis was performed on an IriM P« ai 

the SGI Challenge machine. 

For mutation analysis genomic DNA was amplified with 
oligonucleotides (3): 5' GCTAATCAGCAATTTAAGGCTAG 3' ( SEQ ID 
NO 2) and (13): 5' G AT ATGTT CTTAGATG CT C AG 3' ( SEQ ID NO 3) of 
genbank ID: U46898, under standard PGR conditions. Sequence 
analysis was performed using the Perkm Elmer dye terminator 
cycle sequencing kit on an A3I 373 fluorescent sequencer 
<ABI, Foster City, CA) . Restriction digestion was performed 
following the PGR with Tsp45 I according to manufacturer's 
protocol (New England Eiolabs, Beverly, MA). The digested 
PGR products were electrophoresed on a 6% Visigel 
(Stratagene, La Jolla. CA) , and visualized by ethidium 
bromide staining. Pedigree structure in Figure 2 has been 
15 slightly modified in order to protect patient 
confidentiality . 

Total RNA was extracted from the lymphoblastic! cell 

•j i --.r-H f--r^r strand synthesis was 
line of an affected individual and ur.t stranu y 

performed by oligo dT priming (Gibco BRL , Gai chersburg , MD) • 
20 Primers (IF) 5' ACGACAGTGTGGTGTAAAGG 3' ( SEQ ID NO 9) and 

(13 R) 5' AAC AT CTGT C AG CAGAT CTC 3' (SEQ ID NO 12) corresponding 
LO nucleotides 21-40 and 520-501 of genbank L08850 were used 
to amplify a product of 50C bp containing the mutation at 
nucleotide 209. PGR products were subjected to restriction 
25 digestion by Tsp4 5 I. The mutation at nt 209 creates a novel 
Tsp4 5 I site (Figure 1), so that the normal allele will be 
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15 



^« n<* 9 oiq 24 and 9 bp, where the 
restricted m 4 fragments — — 

„ -aq ~, 3, 24 and 9 

mutant allele will have 5 rragments 18-- 

bp cf size, as shown in Figure 3. Size standards used, were 
the 100 bp ladder 'Gibcc BRL , Gaithersburg , MD ) 

Example 1 

in an effort to identify a g.»«tic locus responsible for 
Parkinson's disease, we performed a genome scar, rn a large 
kindred of Ita^an descent with pathoiogrcai iy confined PD 

■ _ . j -I T-*i i- f own or Concurs i 

(Figure r> / . - ^ — 

T^^^r (V Some members 
in the Salerno province cf Soutnern ^ a ./ - 

— -ar^ ^rn^r countries, 

emigrated to the United States, ^em-ny ana _nei 

The extended family pedigree consists of 592 members with 60 

individuals affected by PD . The average age of onset for the 

illness in this pedigree (Figure 5) has been shown to be 46 ± 

13 years. One hundred and fourty genetic markers were 

typed in this pedigree at an average spacing of about 20 cm. 

r vtoae-e-ic location 4q21-q23 were the 
Genetic marKers at tne cytoge..^^- 

only ones to show linkage to the disease F^.- /. 

- nn - n 0 for marker D4S2380I (see Table 1) . 

Zrtiax=b . 0 0 au tneca-b. u j 
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Table 1. Two point LOD scores between chromosome 4q markers 

and the PD locus 



Locus 


Two-pomt 
0 . 00 


LOD 
0 . 01 


scores at 
0.05 


re comb 
0.10 


mation 

0.20 


f ract 
0.30 


ions of : 
0.40 




e. 




D4S2361 


-5.60 


-0.83 


0.30 


0 . 54 


0.43 


0 . 21 


0 . 06 


0.55 


0 


12 


D4S2380 


6 .00 


5 . 90 


5 .30 


4.60 


3 . 00 


1 . 50 


0 . 5 0 


6.00 


0 


. 00 


D4S1647 


5.22 


5 . 07 


4.47 


3.71 


2 . 26 


1.05 


0 .30 


5 . 22 


0 


. 00 


D4S421 


-2.42 


0 .45 


0 . 77 


0 .65 


0 .38 


0 .22 


0 . 09 


0 . 77 


0 


. 05 



Recomb.nanxons between the disease phenotype and genetic 
markers were observed in the proximal region for marker 
D4S2361 and m the distal region for marker D4S421. Genetic 
markers D4S2380 and D4S1647 showed no obligate recombination 

events in the affected individuals. 

Multipoint LOD score analysis between markers D4S2361- 
± 3 cM-D4S1647-3cM-D4S421 and the disease locus places the PD 
g ene between markers D4S23G1 and D4S421 at a recombination 
distance of 0.00 cM frcm marker D4S1647 with a Zmax=6.04 
(Figure 6). This location is favored from the alternative 
genetic intervals by a difference in the LOD score of greater 

than three LOD units. 

Although expansions of unstable trinucleotide repeats 
are found in a number of human neurcgenerat xve conditions, 
there is no evidence for an association of a CAG 
trinucleotide repeat expansion in families with PD (43). In 
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- • • c . t . n ^ pq ^ r c^her families with PD- 

adduion, genetic unKage studies .n en 

- Q-imo— - the involvement cf several 

like illnesses ac not suppo^- un_ 

candidate genes glutathione peroxidase, tyrosine 
hvd^cxviase, brain-derived neurotrophic factor, cataiase, 
amy icid precursor protein, CuZn superoxide disease and 
debriscquinone 4 -hydroxylase) in the etiology cf the disorder 

m = r^-rl *-he aenerai region of 
(44) . Genes previously mapped — - 

link aoe include the loci for alcohol dehydrogenase, 

formaldehyde dehydrogenase, synuclein, UDP-N- 

acetyiglycosamme phosphotransferase and others. 

^riv^-^^r a^re represents 
our localization of a PC suscep-i-i-, 

the ,.„ t aenetic locus linked CO ». Oth.r 4i«i»ct 
cXini^tholcicl .nttti.. assorted wich parKsonran 
features are probably linked to other genetic loci. For 
exa mD ie. wilhel.sen- Lynch drsease , disinhrbrt ron-de^ent ra- 
par^nsonran-a.vocropny compie.) i. « «« "'"•^ 

uc , Tf t he cathcqenesis of diseases 
chromosomal region (45) . ^ tn - - 

-^r-o -athwav includes environmental 
affecting the mgrosti iat«x ya- nwd -' 

_ ,(f pr -; nn vulnerable 
influences, then a range of mutat_ons -re.^n 3 

- ^v^n or enzvme poiworphisms 
sites in the electron transport cha.n or en.% P - 

m-^/ varv -he penetrance of 
influencing neurotoxin metabolic m*y var^ - . 

■ -i . ~ rP ciq^ance to exogenous or 

PD by altering an individual', resis.an.e 

-nr- f^nd^nq of a highly 
endogenous agents. However, -ar -na.ng 

<- ■ ~ ir,nc linked to PD suggested that 
penetrant genetic lo^s 

- _ f i ri pnr to cause 

abnormalities of ct sm^. - 
Parkinson's disease. 
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Example 2 

in an effort to identify a specific gene between markers 
D4S2361 and D4S421 that is associated with predisposition to 
Parkinson's disease, we conducted sequence analysis of 
candidate genes in this region. 

Alpha synuclein, a presynaptic nerve terminal protein, 
was originally identified as the precursor protein for the 
NAC peptide, a non beta amyloid component of Alzheimer's 

o i a\ The human alpha synuclein 
disease (AD) amyloia plaques (4). The numa h 

gene was previously mapped in the 4q^-q_ • 

j 4.. u - t-H^ = 1 oh a sv nuclei n 
refined the napping, an^ aet^min.i 

gene rs located withm the non-eluded region harboring the 
PD gene in t*e Italian kindred. Thus alpha synuclein 
represented an excellent, candidate locus for PD. 

Sequence analysis of the fourth axon of the aloha 
svnuclexn gene revealed a single base pair G209A change from 
th e published sequence of the gene (GenBank IC L0885G), 

-^n an Ala^-rr substitution and the creaticn of a 
resuxts m an ma — . . ..±. 

■ i ,r.: miro i) Mutaticn analysi 
novel TspAb I restriction site ^igur. 

^w. t - - i i - n n'idr«d shows complete 
t;r the G209A change m the itoli.n h.iuor^u 

segregation with tne PD phenotype with exception or 

individual 30 (Fiaure 2), who is effected but i 

this mutation. This individual apparently mhe: 

w 5 a f -.rher, as we have shown tha 
different FD muta-icn ^r_-... , 
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^ - - = — aftectea ma t: err. a- 

ne snares a oener:: hap-otype v--.i — 

region . 



-v.^ ,-= r ^a-ion was studied m twc 
The rrequency u^. ■ s - ^i-^--- 
_ r .~ --^c— na cf 120 chromosomes 
aenerai population samples, vnc w — * 



:he :aren:s 



cf che CEPH reference families, and the other 

..r— ^ar-- individuals from 
consisting of 194 chromosomes un^ot — - 

^ a ---V near the town from 

the blood bank in Sax erne, x-a.ii, * 

. , . , . ^^ n ,^ a Cf these 314 aenerai population 
which tne family or.ci.ia-^. 

, r-.» G101-A mutation. 

chromes Dir.es none was tounu > "" 

f -r-,M^r -psrpr: with sporadic PO were 
Fifty two patients cf ^d.i.r, - ! - s -'- 

aUo scr eened for tne mutation (Figure Z) , along witn 2 
orooancs from previously unpublisned Greek families with PD- 
The AiaoBThr change was touna to be present in three of the 
Greek kmareas and it segreoated with tne PD P henot yP e . In 
those , hr ee Greek kindreds it is wortn noting that the age of 

, r pa-i", ranamq from the 

onset for the disease is relctx.^.. ' - ' 

mid 30' s to the mid 50' s. Extended haplotype analysis of the 
Greek kmdrecs and the Italian PD family suggests that the 
mutations arose independently on different ancestral 
chromosomes. The finding of tne ,la53Thr substitution m 
four independent PD families and its absence from 314 centre 

_ • evidence that thi 
chromosomes provides tne string— 

mutation m tne human alpha synuoiem aene is causative for 
the FD phenctype in these families. 
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We have also demonstrated by RT PCR that the mutant 
allele is transcribed in the lymphoblast cell line of an 
affectec individual from the Italian kindred (Figure 3) (7). 
Thus, it is reasonable to assume that the mutant protein is 

indeed expressed. 

Example 3 . 

Since homologous genes that are related to the alpha 
synuclein protein have been identified in other species, it 
seemed reasonable to assume that homologues of alpha 
synuclein would exist in humans as well. In fact, human beta 
synuclein has previously been described (46), and is 

- r ,° , im ;i-r r alnha svnuclein at the protein 
approximately 60% similar to aipnd 

level . 

We set out to identify other related homologues by 
searching various databases for homologous genes and 

i - +- - r- <r c- cpa^-h^d included the 
proteins. Protein sequence UuUbas-., — d "~ n - J 

NR ( non-redundant) and "month" dataoa.es of Genbank and Swis 
Prot. Nucleotide databases induced NR, month, dbstf, GSS 
(Genome Sequence Service, and EPD (eurkaryotic Promoter 
Database, . Several human slones were identified and 
characterized as alpha, beta and gamma clones as shown m 

- , . y i-;-.r,n fi -d on the 
Fiqure ~. Potential gamma cioneb ^e--. i^-i.-j-^- -- - 

basis of homology to known rat and mouse sequences. 

gamma synuclein has been identified m species other than 
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- ^ the ccrrespcnain: 

human , ~ ^ ' ~ ~ " 



a amir, a ^n^-^o^n ^o- .......a.^ 

j S:na two priners sets 



desionea from, known database 



sequences ■' : ' ^TGTCTTCr^.or.ho---- — > 



an: 



r. . , ^ ^ , ~ t - - - r u ^ 7^ ;i r ~ 7\ z\,c i 1 . , w e 



^q^o ^-o "74P13, rrcm a 
have isolated two ~ ~-^n-=-/ - — 

- ~,_^ r ^i ^rr--:ai Chromosome 
ommereiai oa^^r^c- — 



.brarv i.oul*. — which contain tne 



L u m a n beta and 



_ re . >-.^ec::velv. The beta gene contained 
gamma synucr^iri gene^, ---t^ — 

. ^ . , ^ - v q - m ^ n - ~ h as snows on r i g u r e r \ b E v 

x o one ^ i w n e ^ - - * ^ ^ ^ 

^ .,v - sequences ana some 

ID NO ID, wnich contains a^_ ^a^ng ^-4 

■ _ ~~^^n-p- ' v he qamma clone 
additional non-coding moronic ^q.en„. ^ 

^ - o auai t - m G e n 3 a n k : 
174P13 has teen sequenced ar.u avdua..- 

qpau-nre from the 5 1 end is given 
accession number AcO^oh. ^ega^n^ 

„ ^ ^ - -p r r 3 1 end is 

,-i /cm ^ n ani sequence ^ r _>m ^ 

15 in Figure l^EQ — M 

m ic-o NO TV. The human alpha 

given in t iqure 10 iSl^ -^..< ^ — 

, ^ p^ sequenced as shown in Figure 11, 

synnciein gene n^s u^.^ be-.. 



which provides the sequence 



f p ^ ch separate exon regicn wit! 



for each excn 

s ome 



additional flanking intronic sequent 



20 ( SEQ ID NOs 14-19) 

The three numan homologies are highly conserved at the 



<>! . The alpha and beta human nemo a c 
about 60. 4- similaL^, . — - — 



cgues hav *: 



protein level. 



, o . i ana _: z. . ^ - ^ x . l l ^ - — ^ 



tne alpha anc beta nomo.og.eb, 



- > he ^...^^i on 0 f the coding segue: 



rSSC2CtIV6lj 

-44 



SUBSTITUTE SHEET (RULE 26) 



WO 98/59050 



PCT/US98/13071 



^ *-wnc f^r Thus it is reasonable to 
that we have obtained thus tar. inu.,, 

- _ ^^-hH^r- thp beta or qamma synuciem 
presume that mutations m either tne oe.a o _ 

^ QO .psuir Parkinson's disease, 

gene may cuso ^esuiu ~n 
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SEQUENCE LISTING 



(1) GENERAL. INFORMATION: 

1 1 ) APPLICANT : Pclvmeropoulus , Mihael 
Lavedar. , Christian 
Leroy , Elisabeth 
Nussbaun, Robert 
Johnson, William 
Duvoism, Roger 

TITLE OF INVENTION: Cloning of a gene mutation for 
Parkinson ' s disease 

(iii) NUMBER OF SEQUENCES: 10 

(iv; CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: SPENCER U FRANK 

(B) STREET: 1100 New York Ave. Suite 3 00 East 

(C) CITY: Washington 

(D) STATE: D.C. 
(S) COUNTRY: USA 
(F) ZIP: 20005-3955 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM : PC -DOS /MS -DOS 

(D) SOFTWARE : Patent In Release #1.0, Version "1.30 

(vi ) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 25-JUN-1998 

( C ) CLAS S I F I CAT I ON : 

(viu; ATTORNEY / AGENT INFORMATION : 

(A) NAME: Schneller, John W. 

(B) REGISTRATION NUMBER: 26,03 1 

(C) REFERENCE /DOCKET NUMBER: NIK 0082A 

(ix) TELECOMMUNICATION INFORMATION : 

(A) TELEPHONE: (202)414-4000 

(B) TELEFAX: (202)414-4040 



(2} INFORMATION FOR SEQ ID NO : 1 : 

;i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 216 base pairs 
( B } TY'PE : nucleic acid 

(C) STRANDEDNESS : double 

( D ) TOPOLOGY : 1 inear 

-50- 



SUBSTITUTE SHEET (RULE 26) 



WO 98/59050 



PCT/US98/13071 



(ii) MOLECULE TYPE: DNA (genomic) 
(in) HYPOTHET I CAL : NO 
(iv) ANT I- SENSE : NO 



(vii) IMMEDIATE SOURCE: 

(B) CLONE: alpha synuclem gene/ exon 4 region 

(vm) POSITION IN GENOME: 

(A) CHROMOSOME /SEGMENT: 4 

(B) MAP POSITION: 4q21-q22 



(xi ) SEQUENCE DESCRIPTION : SEQ ID NO : 1 : 
GCTAATCAGC AATTTAAGGC TAGCTTGAGA CTTATGTCTT GAATTTGTTT TTGTAGGCTC 
CAAAACCAAG GAGGGAGTGG TGCATGGTGT GACAACAGGT AAGCTCCATT GTGCTTATAT 
CAAAGATGAT ATNTAAAGTAT CTAGTGATTA GTGTGGCCCA GTATCAAGAT TCCTATGAA 
ATTGTAAAACA ATCACTGAGC ATCTAAGAAC ATATC 
(2) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(n) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "primer #3" 

( ill ) HYPOTHETICAL : NO 



(Xi i SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 
GCTAATCAGC AATTTAGGCT AG 
(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 2 1 base pairs 

(B) TYPE • nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 



-51- 



SUBSTITUTE SHEET (RULE 25) 



WO 98/59050 



PCT/US98/13071 



(ii) MOLECULE TYPE: ether nucleic acid 

(A) DESCRIPTION : desc = "primer #13 " 

•1^1: HYPOTHETICAL: NO 



;;■;:) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 

"> O 

CTATACAAGA ATCTACGAGT C 
(2) INFORMATION FOR SEQ ID NO : 4 ; 

15 (x) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 14 0 amino acids 

(B) TYPE: amino acid 

(C'i 3 TRANBEDNE S S : not relevant 
( E ! ) TOPOLOGY : nc t relevant 

20 

(ii) MOLECULE TYPE: peptide 
(ill) HYPOTHETICAL : NO 
2 5 ( iv ) ANT I - SENSE : NO 

(vi) ORIGINAL SOURCE : 

(A) ORGANISM : Homo sapiens 

(C) INDIVIDUAL IS 3 LATE : Swiss- Prot P3 7 84 0 

30 

(vii) IMMEDIATE SOURCE : 

(B) CLONE: alpha synuclein protein 



40 



txi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 

Met Asp Val Phe Met Lys Gly Leu Ser Lys Ala Lys Glu Gly Val Val 
15 10 15 

Ala Ala Ala Glu Lys Thr Lys Gin Gly Val Ala Glu Ala Ala Gly Lys 
20 25 30 



Thr Lys Glu Gly Val Leu Tyr Val Gly Ser Lys Thr Lys Glu Gly Val 

45 3 5 40 45 

Val His Gly Val Ala Thr Val Ala Glu Lys Thr Lys Glu Gin Val Thr 

50 " 55 60 

5 0 Asn Val Gly Glv Ala Val Val Thr Gly Val Thr Ala Val Ala Gin Lys 

65 ' 70 75 SO 

Thr Val Glu Gly Ala Gly Ser He Ala Ala Ala Thr Gly Phe Val Lys 
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85 90 95 

Lys Asp Gin Leu Gly Lys Asn Giu Glu Gly Ala Pro Gin Glu Gly He 
100 105 HO 

Leu Glu Asp Met Pro Val Asp Pro Asp Asn Glu Ala Tyr Glu Met Pro 
115 120 125 

Ser Glu Glu Gly Tyr Gin Asp Tyr Glu Pro Glu Ala 
130 135 140 

(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 140 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 
(iv) ANTI- SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Rattus norvegicus 

(C) INDIVIDUAL ISOLATE: Swiss-Prct P37377 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: alpha synuclein protein 



(xi ) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 

Met Asp Val Phe Met Lys Gly Leu Ser Lys Ala Lys Glu Gly Val Val 
15 10 15 

Ala Ala Ala Glu Lys Thr Lys Gin Gly Val Ala Glu Ala Ala Gly Lys 
20 25 30 

Thr Lys Glu Gly Val Leu Tyr Val Gly Ser Lys Thr Lys Glu Gly Val 
35 40 45 

Val His Gly Val Thr Thr Val Ala Glu Lys Thr Lys Glu Gin Val Thr 
50 55 60 

Asn Val Glv Gly Ala Val Val Thr Gly Val Thr Ala Val Ala Gin Lys 
^ r- " 75 80 

Thr Val Glu Glv Ala Glv Asn He Ala Ala Ala Thr Gly Phe Val Lys 
85 " 90 95 
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Lvs Asp Gin Men Gly Lys Gly Glu Glu Gly Tyr Pro Gin Glu Gly lie 
100 105 HO 

Leu Glu Asp Met Pro Val Asp Pro Ser Ser Glu Ala Tyr Glu Met Pro 
115 12C 125 

Ser Glu Glu Gly Tyr Gin Asp Tyr Glu Pro Glu Ala 
130 135 140 

2} INFORMATION FOR SEQ ID NO : 6 : 

(i; SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 134 amino acids 

(B ) TYPE : amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: not relevant 

(ii; MOLECULE TYPE: peptide 
■ in, KYPOTHET I CAE : NO 
(IV ! ANT I - SENSE : NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Bos taurus 

(C) INDIVIDUAL ISOLATE: Swiss -Prot P3 3 56 7 

(viil IMMEDIATE SOURCE : 

(B) CLONE: alpha synuclein protein 



(xii SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 

Met Asp Val Phe Met Lys Gly Leu Ser Met Ala Lys Glu Gly Val Val 

1 5 10 15 

Ala Ala Ala Glu Lys Thr Lys Gin Gly Val Thr Glu Ala Ala Glu Lys 
20 ' 25 30 

Thr Lys Glu Gly Val Leu Tyr Val Gly Ser Lys Thr Lys Glu Gly Val 
35 40 45 

Val Gin Gly Val Ala Ser Val Ala Glu Lys Thr Lys Glu Gin Ala Ser 
50 55 60 



mis Leu 

£5 



;lv Glv Ala Val Phe Ser Gly Ala Gly Asn ile Ala Ala Ala 



Thr Gly Leu Val Lys Lys Glu Glu Phe Pro Thr Asp Leu Lys Pro Glu 
85 30 35 

Glu Val Ala Gin Glu Ala Ala Glu Glu Pro Leu lie Glu Pro Leu Met 
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100 105 110 

Glu Pro Glu Gly Glu Ser Tyr Glu Glu Gin Pro Gin Glu Glu Tyr Gin 
115 120 125 

Glu Tyr Glu Pro Glu Ala 
130 

(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 142 amino acids 

(B) TYPE: amino acid 

CO STRANDEDNESS : not relevant 
(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANT I- SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Serinus canaria 

<C) INDIVIDUAL ISOLATE: genbank L3386 0 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: alpha synuclein homologue 



(xi ) SEQUENCE DESCRIPTION; SEQ ID NO : 7 : 

Met Asp Val Phe Met Lys Gly Leu Ser Lys Ala Lys Glu Val Val Ala 

1 5 10 15 

Ala Ala Glu Lys Thr Lys Gin Gly Val Ala Glu Ala Ala Gly Lys Thr 
20 25 30 

Lys Glu Gly Val Leu Tyr Val Gly Ser Arg Thr Lys Glu Gly Val Val 
35 40 45 

His Gly Val Thr Thr Val Ala Glu Lys Thr Lys Glu Gin Val Ser Asn 

5 0 5 5 6 0 

Val Gly Gly Ala Val Val Thr Gly Val Thr Ala Val Ala Gin Lys Thr 
65 70 75 80 

Val Glu Gly Ala Gly Asn lie Ala Ala Ala Thr Gly Leu Val Lys Lys 

8 5 9 0 9 5 

Asp Gin Leu Ala Lys Gin Asn Glu Glu Gly Phe Leu Gin Glu Gly Met 
100 105 110 
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Val Asn Asn Thr Gly Ala Ala Val Asp Pro Asp Asn Glu Ala Tyr Giu 
115 120 125 

Ke: ?ro Pre Glu Glu Glu Tyr Gin Asp Tyr Glu Pro Glu Ala 
130 135 140 

INFORMATION FOR SEQ ID NO : 8 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 143 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNES5 : not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: peptide 
(ill) HYPOTHETI CAL : NO 

( iv * ANT I - SENSE : NO 

(Vl) ORIGINAL SOURCE : 

(A) ORGANISM: Torpedo calif ornica 

(C) INDIVIDUAL ISOLATE: Swiss- Pro t P37379 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: alpha synuclein homologue 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 

Met Asp Val Leu Lys Lys Gly Phe Ser Phe Ala Lys Glu Gly Val Val 
1 " 5* 10 15 

Ala Ala Ala Glu Lys Thr Lvs Gin Glv Val Gin Asp Ala Ala Glu Lys 
20 ' 25 30 

Thr Lys Gin Gly Val Gin Asp Ala Ala Glu Lys Thr Lys Glu Gly Val 
35 40 45 

Met Tyr Val Gly Thr Lys Thr Lys Glu Gly Val Val Gin Ser Val Asn 
50 55 60 

Thr Val Thr Glu Lvs Thr Lys Glu Gin Ala Asn Val Val Gly Gly Ala 
65 * 70 75 80 

Val Val Ala Gly Val Asn Thr Val Ala Ser Lys Thr Val Glu Gly Val 
85 ^0 55 

Glu Asn Val Ala Ala Ala Ser Gly Val Val Lys Leu Asp Glu His Gly 
100 105 HO 

Arg Glu lie Pro Ala Glu Gin Val Ala Glu Gly Lys Gin Thr Thr Gin 
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115 120 125 

Glu Pro Leu Val Glu Ala Thr Glu Ala Thr Glu Glu Thr Gly Lys 
130 135 140 

(2) INFORMATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(n) MOLECULE TYPE: ether nucleic acid 

(A) DESCRIPTION: /desc = "primer #1F" 

(ili) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 
ACGACAGTGT GTGTAAAGG 

(2) INFORMATION FOR SEQ ID NO : 1 0 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: single 
{ D ) TOPOLOGY : linear 

(ii) MOLECULE TYPE: :ther nucleic acid 

(A) DESCRIPTION: .'desc = "primer #13E" 

(ill) HYPOTHETICAL : NO 



(xi ) SEQUENCE DESCRIPTION: SEQ ID NO : 10 
AACATCTGTC AGCAGAT ITC 

(2) INFORMATION FOR SEQ ID NO: 11 
(i) SEQUENCE CHARACTER I S ITCS 

(A) LENGTH: 2809 base pairs 
{ B ) TYPE : NUCLEI I ACID 
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■; 0) STRAKDEDNES S : DOUBLE 
; D ) TOPOLOGY : LINEAR 
( ii) MOLECULAR TYPE: DNA 'genomic; 
(in; HYPOTHETICAL . IJO 
( iv) ANT I - SENSE : NO 

(v) IMMEDIATE SOURCE: 

(A) CLONE: BAC clone 139A20 HUMAN BETA 3YNULEIN GENE 

( vi ) SEQUENCE DESCRIPTION : SEQ ID NO : I 1 : 

CCGCCGCAGC CGCCGCTCCA TCCCCAGCCC CGGCCCCGCA TCCGGTTTGG AAGGGGGCTG 
CAAGTTTGCA AGGGGCCCGG GANAAAAANC GAGCAGTGGC CCTTCCC3CG TCCCCAGGGT 
TTCAAGGGAC GCTAGGANTN TCCGCGGCCC TGGAGGTTCG CACTGGGGAG TGGGGTGAGA 
TGGGGG GAAA GCGGGAGGG3 GCTCAGGGTC CAGAAGGGCN CCGCG3TCTC GGGAGTAGGG 
GGGCATNTGO GTCCOGCGGG AGGGG OTGGG GTGAGAGTGC GGGGCCAGTG CACCGGTGCC 
CGTGTATCGC CCTC3CCAGG CCGCCAGGAT GGACGTGTTC ATGAAGGGCC TGTCCATGGC 
CAAGGAGGGC GTTGTGGCAG CCGCGGAGAA AACCAAGCAG GGGGTCACCG AGGCGGCGGA 
GAAGACCAAG GAGGGCGTCC TCTACGTCGG TGGGCNGGGG GCNGGGTTTC TGGGGCTGCA 
GGGCTGGGGG TCCCCCTACA GTGTGGAGCT GGGGCCGGGT CCCGGGGAGG GGGGTTCTGG 
GCAAGATAAT ATNANTCAGC AGATGGGGCN AGGTCANCAN GGGTCATAAG GGACATACCC 
ANCCCATAGA ANCCTGGGTC TGTATCCGGA AATGGGGACA GGGGGCGGGG T 3ATGAGGTG 
GGGGGCTCCA NCTGAAAGGC CAGGGACCAN TGCANTNATA AAANCACACA MCCTCCTTTT 
TCTTATCTTT TTTACCATTA TTAATAGTTA TCTGGTGTTG AACACTTTCT GTATGCCAAG 
TACTGGGTAA AATGTCATAA CAT CCATTTC CTCATGTAAT GCTTCCGCCC ATTCTACAGG 
TAAGGGAAAC TGGGCTTCCC ATTGGTAGNT AAATTTTAGG T T C AG AAAG G CTTGAATTGA 
ATGTCAGTTC AGOCAATTTC TTAGTGGTGG AACCAAACTG AGTTCCATCC GTGAAACGGG 
GACAATAACA GCACCCGCTT CCCAGGGCTG GGGAAAAGTG AAGTGCAGCG GGGCAGGCAG 
AGGACTTGAC ACAG OACTGG CCCTCAGCCA ACAT3CACTA GAGGGGTGGG GTATCGCATC 
AGGTGGGAGA GAACTGCAAC CCTTGCAGAC AGAGGTGTGG GGCCCAGTGC AGTGATAAGA 
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CGGGGGTTAA CATGGGGGTG CAGGTTGTAG GATNTGGGGA CCCAAGGAGG CAGTGACGGG 
GCCAGGATGC CCACTCTGTA ATCACCATGC TGTGCTGGAG TTTCTGTTCC CTCAGCGCAG 
AGTCCTTAAA TGTGCCGCTT TTTCTNCCCT GCAGGAAGCA AGACCCGAGA AGGTGTGGTA 
CAAGGTGTGG CTTCAGGTAC TAGCCCAGCC CTGGCACCAG CCCTTCTCTC AMTTAGGCGG 
ATGATCTGGC CGGGAAC C AG AGGGCGGGGG CGGGGGAGAC TCCCAAGGCT TGTGCGGGAA 
TGCTCCGTGG GGAGGGCAGG CCCTGGGATA CTACAAGGCA GGGCATCGGT GTTTCCCCCT 
GGCTCCCAAA CCCCTTCCTC AACCCCCTCC CTGCTCCAGT GGCTGAAAAA AGCAAGGAAC 
AGGCCTCACA TCTGGGAGGA GCTGTGTTCT CTGGGGCAGG GAACATCGCA G TAG CC AC AG 
GACTGGTGAA GAGGGAGGAA TTCCCTACTG ATCTGAAGGT AAGCGATCCT TTTGACCCGC 
ACATGCAGGC AAACACACAC ACACACACAC ACACACACCII GGCACACAAA TAAACCTGTC 
ACCATCCCCG CCCCCCTAAT CCTGCCACCA GCTTGGAACA CAAGCCACTT T3CCTCCCAT 
CCTGCNGGCC CGTGCTAGAC TCAGCTCAGA ATGCATCTGA ATAAIJGGCGT GCATGGGTGT 
GACGCTCCCG GTGATGGGGA CCCAGACCTG GCTGTCTGTG TGTATCCTGC TTGCCAGCGT 
GACCCATATG ACTTCTGGCC ACGTCTGCAT GTGTCAATGA TTGTTCATTC ATTTCTTTTC 
ATT C AAC AAA TATCCATGCC ANANCCAGCC CTGTCCTTGA GCTTCCAGNT CCCTTTCAGC 
CNAGGGGAGC NTGAGGGTTA TTTTTGGGGT CCCGATGCCC AGCAGAGAGC CTGACACAAA 
GGATGAGGCA TAAGCTGGTG ANTGAGTATC CAAATGGTGG AAGTGTGGAG GNTGCCAGGC 
ATTGGGGGAG CGGCGTGGAG AGCCAGCTCC CCAATCCAT3 CTGCCACTTC AACTGTGATT 
CGGGGGAATT TCCCCCTTCA CCTCCATCCC ACTTCCAAGG CACTCCAAAT AAATAACTGA 
ATTAGAAATT ATCCTTGTTT TGCCAACCCA CCCTAGCCTT rCCCACTCCA ACCCACCCAA 
AGCTTACCAC TGTGGGAATT TGGGGGGCAT CCTGGCTGTC CTCACGAGTC CTGACCTTTT 
CTGCCCACAG CCAGAGGAAG TGGCCCAGGA AGCTGCTGAA GAACCACTGA TTGAGCCCCT 
GATGGAGCCA GAAGGGGAGA GTTATGAGGA CCCACCCCAG GAGGAATATC AGGAGTATGA 
GCCAGAGGCG TAGGGGCCCA GGAGAGCCCC CACCAGCAGC ACAATTCTGT CCCTGTCCCT 
GCCCCGCCCC C C AG AG C C AG GGCTGTCCTT AGACTCCTT Z TCCCCAATCA GGAGATCTTC 
CTTCCGCTCT GAGGCAACCC CCTCGGAGCC TGTGTTAGTG TCTGTCCATC TGTCTGTCCT 
ACCCGCCCGC GTCCAACCCC GGGGCATGGA CAGGGCCAGG GTTGCGGTCG CGGCTGGGAG 
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CTCGCCCCT CCAGTGTTGC CTCCTC^^. C^G^-i^o 



2} INFORMATION FOR SEQ ID NO: 12 
;i) SEQUENCE CHARACTER ISITCS 

(A) LENGTH; 223 base pairs 

( B ) TYPE ■ NUCLEIC ACID 

(C) STRANDEDNESS : DOUBLE 

(D) TOPOLOGY : LINEAR: 

(ii ) MOLECULAR TYPE: DNA genomic! 
{ i ii ; HYPOTHETICAL : NO 
( IV) ANT I - SENSE : NO 

(v) IMMEDIATE SOURCE: 

(A) CLONE: BAC clone 174P13 HUMAN GAMMA SYNULEIN GENE , 5' END 

(vi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

AGGGAGATCC AGCTCCGTCC TGCCTGCAGC AGCACAACCC TGCACACCCA CCATGGATGT 
CTTCAAGAAG GGCTTCTCCA TCGCCAAGGA GGGNGTGGTG GGTGCGGTGG AAAAGACCAA 
GCAGGGGGTG ACGGAAGCAG CTGAGAAGAC CAAGGAG3GG GTCATGTATG TGGGATTACA 
TTTTTTTTTT AAAGAAAGAA TAAATTAATT GTGATTAAAG TTG 



(2) INFORMATION FOR SEQ ID NO: 13 
( i ) SEQUENCE CHARACTERI S ITCS 

(A) LENGTH: 6 77 

(B) TYPENUCLEIC ACID 

;C) STRANDEDNESS : DOUBLE 
(D) TOPOLOGY : LINEAR 
(ii) MOLECULAR TYPE: DNA (genomic) 
(lli) HYPOTHETICAL: NO 
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(iv)ANTI- SENSE: NO 

(v) IMMEDIATE SOURCE: 

(A) CLONE : BAC clone 174P13 HUMAN GAMMA SYNULEIN GENE, 3' END 

(vi) SEQUENCE DESCRIPTION : SEQ ID NO: 13: 

TTTTTTNAGG GGGGAAAACA GGGAATANAA AAANANGGGG GGGGGTTTTT NNGGGGGGGG 
GGGGAAAANG GTTNGGGGGN NAACCNAAAN AAANNC CNAN GGGGGGGGNN ANTNAANTTT 
TGGGAACCCA AAGCCCNAGG AGGATTTTTN GTNAANAACG TNACCTCNAG TGGGNCGAGG 
AAGACCAAGG AAANGCCCAA CNCGGTTGAN CGAGGCTGTG GTGAACANCG TNCAACNCTG 
TGCCCNCCAA NANCGTGGAG GNGGCGGAGA ACATCSCGGT CACCTCCGGG GTGGTGCGCM 
AGGAGGACTT GAGGCCATCT KCCCCCCMAC AGGAGGGTGT GGCATCCMAA G ARAAAG AG G 
AAGTGG C AG A GGAGGCCCAG AGTGGGGGAR ACTAGAGGGC TACAGGCCAG CGTGGATGAC 
CTGAAGAGCG CTCCTCTGCC TTGGACACCA TCCCCTCCTA GCACAAGGAG TGCCCGCCTT 
GAGTGACATG CGGCTGCCCA CGCTCCTGCC CTCGTCTTCC TGGCCACCCT TGGCCTGTCC 
ACCTGTGCTG CTGCACCAAC CTCACTGCCC TCCCTCGGCC CCACCCACCC TCTGGTCCTT 
CTGACCCCAC TTATGCTGCT GTGAATTTTT TTTTTAAATG ATTCCAAATA AAACTTGAGC 
CCACTCCAAA AAAAAAA 



(2) INFORMATION FOR SEQ ID NO: 14 
( i } SEQUENCE CHARACTERIS ITCS 

(A) LENGTH: 1181 base pairs 
IB) TYPE: NUCLEIC ACID 
(C) STRANDEDNESS : DOUBLE 
(D; TOPOLOGY : LINEAR 
( u ) MOLECULAR TYPE : DNA ( genomic 
(ill) HYPOTHETICAL: NO 
iiv) ANT I - SENSE : NO 
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(vii: IMMEDIATE SOURCE : 

(A) CLONE: human alpha synucleiri gene/ exons 1 and 2 plus 
flanking intrcn sequences 
(viii ' POSITION IN GENOME: 

(A) CHROMOSOME / SEGMENT : 4 
(3) MAP POSITION: 4q21-q22 
(xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
AATTTCAGCG ATGCGAGGGC AAAGCGCTCT CGGCGGTGCG GTGTGAGCCA CCTCCCGGCG 
CTGCCTGTCT CCTCCAGCAG CTCCCCAAGG GATAGGCTCT GCCCTTGGTG GTCGACCCTC 
AGGCCCTCGN TCTCCCAGGN CGACTCTGAC GAGGGGTAGG GGGTGGTCCC CNGGAGGACC 
C AG AG G AAA 2 GCNGGGACAA GAAGGGAGGG GAAGGGGAAA GAGGAAGAGG CATCATCCCT 
AGCCCAACCG CTCCCGATCT CCACAAGAGT GCTCGTGACC CTAAACTTAA CGTGAGGCGC 
AAAAGCGCCC CAACCTTTTC CCGCCTTGNN CCAGGCAGGC GGCTGGAGTT GATGGCTCAC 
CCCGCGC ICC CTGCCCCATC CCCATCCGAG ATAGGGACGA GGAGCACGCT GCAGGGAAAG 
CAGCGAGCGC CGGGAGAGGG GCGGGCAGAA GCGCTGACAA ATCAGCGGTG GGGGCGGAGA 
GCCGAGGAGA AGGAGAAGGA G GAG G AC TAG GAGGAGGAGG ACGGCGACGA CCAGAAGGGG 
CCCAAGAGAG GGGGCGAGCG ACCGAGCGCC GCGACGCGAA GTGAGGTGCG TGCGGGCTCA 
GCGCAGACCC CGGCCCGGCC CCTCCTGAGA GCGTCCTGGG CGCTCICTCA CGCCTTGCCT 
TCAAGCCTTC TGCCTTTCCA CCCTCGTGAG CGGAGAACTG GGAGTGGCCA TTCGACGACA 
GGTTAGCGGG TTTGCCTCCC ACTCCCCCAG CCTCGCGTCG CCGGCTCACA GCGGCCTCCT 
CTGGGGACAG TCCCCCCCGG GTGCCCCTCC GCCCTTCCTG TGCGCTCCTT TTCCTTCTTC 
TTTCCTATTA AATATTATTT GGGAATTGTT TAAATTTTTT TTTTAAAAAA AGAGAGAGGC 
GNGGAGGAGT CGGAGTTGTG GAGAAGCAGA GGGACTCAGG TAAGTACCTG TGGATCTAAA 
CGGGNGTCTT TTGGAAATCC TGGAGAACGC CGGATGGAGA CGAATGGTCG TGGGNACCGG 
GAGGGGGTGG TGCTGCCATG AGGACCGCTG GGCCAGGTCT CTGGGAGGTG AGTACTTGTC 
CTTTGGGGAG CTAAGGAAAG AGACTTGACC TGGCTTTCGT CCTGCTTCTG ATATTCCCTT 
CTCCACAAGG GCTGAGAGNT TAGGCTGCTT CTCCGGGATC C 
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(2) INFORMATION FOR SEQ ID NO: 15 
(l) SEQUENCE CHARACTERISITCS 

(A) LENGTH : 536 base pairs 

( B ) TYPE : NUCLEIC ACID 

(C) STRANDEDNESS : DOUBLE 

(D) TOPOLOGY : LINEAR 

( ii ) MOLECULAR TYPE: DNA (genomic) 
{ iii) HYPOTHETICAL: NO 
( iv ) ANT I - SENSE : NO 
(vn ) IMMEDIATE SOURCE: 

(A) CLONE: human alpha synuclem gene/ exon 3 plus flanking 
intron sequences 

(vin) POSITION IN GENOME: 

(A) CHROMOSOME /SEGMENT : 4 

(B) MAP POSITION: 4q21-q22 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 15: 
CTTAAAAGAG TCTCACACTT TGGAGGGTTT CTCATGATTT TTCAGTGTTT TTTGTTTATT 
TTTCCCCGAA AGTTCTCATT CAAAGTGTAT TTTATGT m TT CCAGTGTGGT G T AAAG AAAT 
TCATTAGCCA TGGATGTATT C AT G AAAG G A C T T T C AAAG G CCAAGGAGGG AGTTGTGGCT 
GCTGCTGAGA AAACCAAACA GGGTGTGGCA GAAGCAGCAG G AAAG AC AAA AGAGGGTGTT 
CTCTATGTAG GTAGGTAAAC CCCAAATGTC AGTTTGGTGC TTGTTCATGA GTGATGGGTT 
AGGATAACAA TACTCTAAAT GCTGGTAGTT CTCTCTCTTG ATTCATTTTT GCATCATTGC 
TTGTCAAAAA GGTGGACTGA GTCAGAGGTA TGTGTAG3TA GGTGAATGTG AACGTGTGTA 
TNTGAGCTAA TAGTAAAAAT GCGACTGTTT GCTTTTCAGA TTTTTAATTT TGCCTAATAT 
NTATGACTTN TTAAAATGAA TGTTTCTGTA CTACATAATT CTATNTCAGA GACAGT 

(2) INFORMATION FOR SEQ ID NO: 16 
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U) SEQUENCE CHARACTERISES 

(A) LENGTH: 650 base pairs 

( B ) TYPE : NUCLEIC ACID 

(C) STRANDEDNESS : DOUBLE 

(D) TOPOLOGY: LINEAR 

{ i i ) MOLECULAR TYPE : DNA [ genomi c ) 
( lii) HYPOTHETICAL : NO 
(iv) ANTI-SENSE: NO 
(vii) IMMEDIATE SOURCE: 

j ONE : human alpha synuclein gene/ exon 4 plus flanking 



intror. sequences 

(vlii ) POSITION IK GENOME : 

(A) CHROMOSOME / SEGMENT : 4 

(B) MAP POSITION: 4q21-q22 

(XX) SEQUENCE DESCRIPTION: SEQ ID NO : 16 : 
CTGCAGGTCA ACGGATCTGT CTCTAGTGCT GTACTTTTAA AGCTTCTACA GTTCTGAATT 
CAAAATTATC TTCTCACTGG GCCCCGGTGT TATCTCATTC TTTTTTCTCC TCTGTAAGTT 
GACATGTGAT GTGGGAACAA AGGGGATAAA GTCATTATTT TGTGCTAAAA TCGTAATTGG 
AGAGGACCTC CTGTTAGCTG GGCTTTCTTC TATNTATTGT GGTGGTTAGG AGTTCCTTCT 
TCTAGTTTTA GGATATATAT ATATATTTTT TCTTTCCCTG AAGATATAAT AATATATATA 
CTTCTGAAGA TTGAGATTTT TAAATTAGTT GTATTGAAAA CTAGCTAATC AGCAATTTAA 
GGCTAGCTTG AGACTTATGT CTTGAATTTG TTTTTGTAGG CTCCAAAACC AAGGAGGGAG 
TGGTGCATGG TGTGGCAACA GGTAAGCTCC ATTGTGCTTA TATCAAAGAT GATATNTAAA 
GTATCTAGTG ATTAGTGTGG CCCAGTATCA AGATTCCTAT TGAAATTGTA AAACAATCAC 
TGAGCATCTA AGAACATATC AGTCTTATTG AAACTGAATT CTTTATAAAG TATTTTTAAA 
TAGGTAAATA TTGATTATAA ATAAAAAATA TACTTGCCAA GAATAATGAG 
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(2) INFORMATION FOR SEQ ID NO: 17 



(i) SEQUENCE CHARACTERIS ITCS 



(A) LENGTH: 504 base pairs 



(B)TYPE: NUCLEIC ACID 



5 



(C) STRANDEDNESS : DOUBLE 



{ D) TOPOLOGY: LINEAR 



( i i ) MOLECULAR TYPE: DNA (genomic) 



(iii) HYPOTHETICAL: NO 



{ iv) ANT I - SENSE : NO 



10 



(vn) IMMEDIATE SOURCE: 



(A) CLONE: human alpha synuclein gene/ excn 5 plus flanking 
intron sequences 

(viii ) POSITION IN GENOME: 

(A) CHROMOSOME/ SEGMENT : 4 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 7 : 
ATATCTTAGC CAAGATTCAA TGTTTGGTTG AACCACACTC ACTTGACATC TTGGTGGCTT 
TTGTTTCTTC TGACCACTCA GTTATCTATG GCATGTGTAG ATACAGGTGT ATGGAANCGA 
TGGCTAGTGG AAGTGGAATG ATTTTAAGTC ACTGTTATTC TACCACCCTT TAATCTGTTG 

2 0 TTGCTCTTTA TTTGTACCAG TGGCTGAGAA G AC C AAAG AG CAAGTGACAA ATGTTGGAGG 
AGCAGTGGTG ACGGGTGTGA CAGCAGTAGC CCAGAAGACA GTGGAGGGAG CAGGGAGCAT 
TGCAG CAGCC ACTGGCTTTG TCAAAAAGGA CCAGTTGGGC AAGGTATGGC TGTGTACGTT 
TTGTGTTACA TTTATAAGCT GGTGAGATTA CGGTTCATTT TCATGTGAAG CCTGGAGGCA 
GGAGCAAGAT ACTTACTGTG GGGAACGGCT ACCTGACCCT CCCCTTGTGA AAAA G T G C T A 

2 5 CCTTTATATT GGTCTTG CTT 3TTT 

(2) INFORMATION FOR SEQ ID NO: 18 
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{ B ) MAP POSITION: 4q21-q22 
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(i) SEQUENCE CHARACTERISITCS 

(A) LENGTH: 727 base pairs 
( B } TYPE : NUCLEIC ACID 
,C) STRANDEDNESS : D0U3LE 
; D } TC POLOGY : L I NEAR 
(ii) MOLECULAR TYPE : DNA { genomic) 
(in) HYPOTHETICAL : NO 
(iv) ANTI- SENSE: NO 
( vi i) IMMEDIATE SOURCE : 

(A) CLONE: human alpha synucleiri gene exons 1 and 2 plus 

flanking mtron sequences 
(vm) POSITION IN GENOME: 

( A ) CHROMOSOME / S SGMENT : 4 

(B) MAP POSITION: 4q21-q22 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
AAAAGTTTAC ATACTTTGAG GTTGATAACC CATGTTGCCG CAATGTTTCC CCGGAGGCAT 
TGTGGAGTTT AGAATGCCAG TAGTAATATT AAGGTGTGCC ATTTTCAAGA TCCGTGGCCA 
ACATCCCTAT ATGTAAGATT TTTCCAAAAC ATGGTTCTGA TTTTTAAAAG TGAAAAATGC 
TACTTCATCA TGTTCTTTTT GTGCTTCTTA CTTTAAATAT TAGAATGAAG AAGGAGCCCC 
ACAGGAAGGA ATTCTGGAAG ATATGCCTGT GGATCCTGAC AATGAGGCTT ATGAAATGCC 
TTCTGAGGTA GGAGTCCAAG CTGAATCTTT CTAACAAGAC AGTACCAAAA ACCTGTCATT 
GTCACATTTC TCTTTCATTA GTGCTTAGTG AGAATCATTT GCTCTCTACA TGCTCATTA 
GTGGACAA2T TGCAAGTTAA GAATAGTTTT TACATTTTTA AAGGGTCCTT AAAAAAAAAG 
AGGAGGAG3A AGATGAAGAA GAG G AAG AAA GGATGTAAAA G AAAT CAT AT GTAGTCCACA 
TAGCTTAATA TACNTACTAC TTGACCCTTT ACAGGAAAAG CTTTACTAAC CCCTGCATTA 
GAGAATATAT TTTTTTGCAA AAACATTGAT TGTAAATTTT AGTGTAAAGT GGGGAGCCAT 
TTCCTATCTC ATTGGCTGTC CAGTGCTGAT GCGTAATTGA AACTTATACT AACAGTGTGT 
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GCTGTCT 

(2) INFORMATION FOR SEQ ID NO: 19 
(i) SEQUENCE CHARACTERI SITCS 

(A) LENGTH: 1596 base pairs 

( B ) TYPE : NUCLEIC ACID 

(C) STRANDEDNESS : DOUBLE 

( D ) TOPOLOGY : LINEAR 

( i i ) MOLECULAR TYPE: DNA (genomic) 
( iii) HYPOTHETICAL : NO 
( iv) ANT I - SENSE : NO 
(vii) IMMEDIATE SOURCE: 

(A) CLONE: human alpha synuclein gene/ exon 7 plus flanking 
intron sequences 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/ SEGMENT: 4 

(B) MAP POSITION: 4q21-q22 

(xx ; SEQUENCE DESCRIPTION: SEQ ID NO : 1 9 -. 
TTTTGATTTT TCTAATATTA GGAAGGGTAT CAAGACTACG AACCTGAAGC CTAAGAAATA 
TCTTTGCTCC CAGTTTCTTG AGATCTGCTG ACAGATGTTC CATCCTGTAC AAGTGCTCAG 
TTCCAATGTG CCCAGTCATG ACATTTCTCA AAGTTTTTAC AGTGTATCTC 3AAGTCTTCC 
ATCAGCAGTG ATTGAAGCAT CTGTACCTGC CCCCACTCAG CATTTCGGT3 CTTCCCTTTC 
ACTGAAGTGA ATACATGGTA GCAGGGTCTT TGTGTGCTGT GGATTTTGTG GCTTCAATCT 
ACGATGTTAA AACAAATTAA AAACACCTAA GTGACTACCA CTTATTTCTA AATCCTCACT 
ATTTTTTTGT TGCTGTTGTT CAGAAGTTGT TAGTGATTTG CT AT CAT AT A TTATNAGATT 
TTTAGGTGTC TTTTAATGAT ACTGTCTAAG AATAATGACG TATTGTGAAA TTTGTTAATA 
T ATATNAT A C TTAAAAATAT GTGAGCATGA AA CT AT G C A C CTATAATACT AAATATGAAA 
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TTTTAC C ATT TTGCGATGTQ TTTTATTCAC 
AATAAAACGT TATCTCATTG CAAAAATATT 
AAAATCATGC TTATAAGCAA CATGAATTAA 
TATTAATAGC CATTTGAAGA AGGAGGAATT 
CCCTACACTC GGAATTGGCT GAAGCAAGAC 
TCCTTAAGTG GCTGTGATTA AT TAT TG AAA 
TAGAGTGGTC TATTTCTCCC TTCAATCCTG 
TGTTGTTTGA TGTGTATGTG TTTATAATTG 
CATATATTGT TATTTTTGTG TCGAAATAAT 
TGGT3TGAAT GCTGTACCTT TCTGACAATA 
AAAAAGTGGG TTCCCGGGAA CTAAGCAGTG 
GAG AG C CAT A AGACACATTA GCACATATTA 
AACTTTGTTT AACTCAGCAT TCCTCACTTT 
CTCTCTCTTT TTCTCTCGCT CTCTTTTTTT 
AACATCGTTG GGAACTACCA GAGTCACCTT 
AAAAATTTCA TGGGCCTCCT TTAAAATGTT 
CCNTAGGGGG AAGGGTTTTT TCTCTTTTCN 
NGCCCGGAAA ATAAACTTGG NGGGGGGGNA 



TTGTGTTTGT ATATNAATGG TGAGAATTAA 
TTATTTTTAT CCCATCTCAC TTTAATAATA 
GAACTGACAC AAAG G AC AAA AATATAAAGT 
TTAGAAGAGG TA3AGAAAAT GGAACATTAA 
TGCCAGAAGT GTSTTTTGGT ATGCACTGGT 
GTGGGGTGTT GAAGACCCCA ACTACTATTG 
TCAATGTTTG CTTTACGTAT TTTGGGGAAC 
TTATACATTT TTAATTGAGC CTTTTATTAA 
TTTTTAGTTA AAATCTATTT TGTCTGATAT 
AATAATATNC GACCATGAAT AAAAAAAAAA 
TAGAAGATGA TTTTGACTAC ACCCTCCTTA 
GC AC ATTCAA GGCTCTGAGA GAATGTGGTT 
TTTTTTTTAA TCATCAGAAA TTCTCTCTCT 
TTTTTTTTTT TTTTAC AGGA AATGCCTTTA 
AAAGGGAGNA TCAATTCTCT AGGACTGGAT 
G C C C AAAT AT ATGGAATTCT AGGGGTTTTT 
GGGGAGGATC CTTTTAACNC CCCNGGGGGG 
AAACTT 
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WHAT IS CLAIMED IS : 

1. An isolated nucleic acid comprising a nucleotide sequence 
encoding a mutated human synuclein protein or homoiogue thereof. 

2. The isolated nucleic acid of claim 1 wherein said mutated 
synuclein protein is selected from the group consisting of alpha, beta and 
gamma synuclein proteins. 

3. The isolated nucleic acid of claim 2 wherein said mutated 
synuclein protein is the alpha synuclein protein. 



4. The isolated nucleic acid of claim 3 wherein said nucleotide 
sequence contains at least one mutation at base pair position 209. 

5. The isolated nucleic acid of claim 4 wherein said mutation at 
position 209 is a change from guanine to adenine. 



6. The isolated nucleic acid of claim 5 having the sequence given 
in SEQ ID NO . 1 . 

7. An oligonucleotide complementary to a portion of the synuclein 
gene, wherein said portion comprises a mutation associated with 
predisposition to Parkinson's Disease. 



8. The oligonucleotide of claim 7 wherein said mutatic 
pair position 209 in the synnuclem gene. 



it has 



-69- 



SUBSTITUTE SHEET (RULE 26) 



WO 98/59050 



PCT7US98/13071 



9. The oligonucleotide of claim 8 wherein said mutation is a change 
from guanine to adenine. 

1C . A vector comprising the isolated nucleic acid of claim 1 . 

11. A host cell comprising the vector of claim 10. 

12. A method of affecting characteristics of Parkinson's Disease, 
comprising of expressing nucleic acids which are implicated in disease 
development in cultured cells through the use of expression vectors. 

13. The method of claim 12 wherein the said nucleic acid is selected 
from the group consisting of alpha, beta, and gamma synuclein genes. 

14. The method of claim 13 wherein the said nucleic acid encodes the 
mutated alpha synuclein protein. 

15. The method in claim 14 wherein the said mutated alpha synuclein 
protein contains at least one mutation at base pair 209. 

16. The method of claim 15 wherein said mutation at position 209 is 
a change from guanine to adenine . 

17. An isolated human synuclein protein or peptide containing at 
least one mutation . 

13. The isolated human synuclein protein or peptide of claim 17 
wherein said protein or peptide is selected from the group consisting of 
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the human alpha, beta and gamma synuclem proteins or fragments thereof. 

19. The isolated human synuclein protein or peptide of claim 18 
having the sequence given in SEQ ID NO 5 . 

20 The isolated human synuclein protein or peptide of claim 19 
wherein said protein or peptide is the alpha synuclein gene or a fragment 
thereof . 

21. The isolated protein or peptide of claim 20, wherein said 
mutation is at amino acid position 53 . 

22. The isolated protein or peptide of claim 21, wherein said 
mutation is an alanine to threonine substitution. 

23. An antibody specific for the protein or peptide of claim 17. 

24. A method of detecting subjects at increased risk for 
Parkinson's Disease, comprising: 

obtaining a sample comprising nucleic acids, proteins or tissues 
from the subjects, and 

detecting in the nucleic acids, proteins or tissues the presence of 
a mutation which is associated with Parkinson's disease, 

thereby identifying subjects at increased risk for the disease. 

25. The method of claim 24 wherein said mutation is located on 
human chromosome four . 
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26. The method of claim 2d wherein said ^utaticn is located in the 
alpha s\T.uclein gene. 

2". The method of claim 26 wherein said mutation causes an ammo 
acid substitution at position 53. 

28. The method of claim 27 wherein said mutation causes an alanine 
to threonine substitution at position 53. 

2 9 . The method of claim 24 wherein said detecting step comprises 
combining a nucleotide probe which selectively hybridizes to a nucleic 
acid containing said mutation, and detecting the presence of 
hybridization . 

30. The method of claim 29 wherein said nucleotide prcbe is an 
oligonucleotide complementary to a portion of the synuclem gene, wherein 
said portion comprises a mutation associated with predisposition to 
Parkinson's Disease. 

31. The method of claim 30 wherin the mutation of said 
oligonucleotide is at base pair position 20 9 in the alpha synuclein gene. 

32. The method of claim 31 wherein the mutation of said 
oligonucleotide is a change from guanine to adenine. 

33. The method of claim 24 wherein said detecting step comprises 
amplifying a nucleic acid product comprising said mutation, and detecting 
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the presence of said mutation in the amplified product . 

34. The method of claim 33 wherein said detecting step comprises 
selectively amplifying a nucleic acid product comprising said mutation, 
and detecting the presence of amplification. 

35. The method of claim 34 wherein said amplifying step comprises 
at least one annealing step whereby at least one oligonucleotide is 
annealed to said sample of nucleic acids. 

36. The method of claim 35 wherein said amplifying step uses two 
oligonucleotides . 

37. The method of claim 36 wherein said two oligonucleotides have 
the sequences of SEQ ID NOs 2 and 3 . 

38. The method of claim 24 wherein said detecting step comprises 
detecting the presence or absence of a restriction endonuclease site as 
detected by enzymatic digest of said sample of nucleic acids. 

39. The method of claim 38 wherein said restriction endonuclease 
site is recognized by Tsp451. 

40. The method of claim 24 wherein said detecting step comprises 
chain termination with a labeled dideoxynucl eot ide . 

41. An oligonucleotide complementary to a nucleic acid sequence 
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which flanks a mu:ation m the synuclein gene that: is associated with 
predisposition to Parkinson's disease, wherein said oligonucleotide may be 
used in diagnostic screens m the amplification of a nucleic acid sequence 
comprising said mutation. 

42. The oligonucleotide of claim -i 1 having the sequence of SEQ ID 

NO 2 . 

43. The oligonucleotide cf claim 41 having the sequence of SEQ ID 

NO 3 . 

44. The method of claim 24 wherein said detection step comprises 
identification cf said mutations with an antibody. 

45. The method of claim 44 wherein said antibody is directed 
against an isolated human synuciem protein or peptide containing at leas^ 
one mutation. 

46. The method of claim 45 wherein said isolated human synuciem 
protein or peptide is selected from a group consisting of the human alpha 
beta, and gamma synuclein proteins or fragments thereof. 

47. The method cf claim 46 wherein said isolated human synuclein 
protein or peptide has the mutated sequence given in SEQ ID NO 5 . 

48. The method of claim 47 wherein said mutation is at amino acid 
position 53 . 
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49. The method of claim 48 wherein said mutation is an alanine to 
hreonine substition 

50. A diagnostic kit comprising the oligonucleotide of claim 41. 

51. A diagnostic kit comprising the oligonucleotide of claim 42. 

52. A diagnostic kit comprising the oligonucleotide of claim 43. 

53. A diagnostic kit comprising the oligonucleotide of claim 7. 

54. A diagnostic kit comprising the oligonucleotide of claim 8. 

55. A diagnostic kit comprising the oligonucleotide of claim 9. 

56. A diagnostic kit comprising the antibody of claim 23. 

57. An isolated nucleic acid comprising a mutation in a human 
synuclem gene or homologue thereof. 

58. The isolated nucleic acid of claim 57 wherein said synuclem 
gene is the alpha synuclem gene. 

59. The isolated nucleic acid of claim 58 wherein said mutation 
occurs at base pair position 209. 

60. The isolated nucleic acid cf claim 59 wherein said mutation is 
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a cnange 



from auanine to adenine, 



61. The isolated nucleic acid of clam 6C having the sequence given 
in SEQ ID NO 1 . 

62. A transgenic animal which expresses a mutated synuclein 
protein, wherein said animal may be used as an animal model for 
Parkinson's disease. 

63. The transgenic animal of claim 62, wherein said mutated 
synuclein protein is an alpha synuclein protein. 

64. A method of screening a compound for the ability to reverse the 
self -aggregation of synuclein proteins, comprising exposing an aggregate 
of synuclein proteins to a test compound and observing whether or not the 
aggregate is dissolved. 

65. The method of claim 64 wherein said test compound is a 
synuclein peptide. 

66. The method of claim 65 wherein said peptide comprises a 
mutation . 

67. The method of claim 64 wherein said test compound is an 
antibody . 

68. The method of claim 64, wherein said observing step comprises 
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Congo red staining, electron microscopy or CD spectrometry. 

69. The method of claim 64 wherein said protein aggregate is 
located within an animal . 

70. A method of screening a compound for the ability to inhibit the 
self -aggregation of synuclein proteins, comprising exposing a population 
of synuclein proteins to a test compound under conditions which promote 
self -aggregation in the absence of said compound and observing whether or 
not self -aggregation of said proteins is inhibited. 

71. The method of claim 70 wherein said test compound is a 
synuclein peptide. 

72. The method of claim 71 wherein said peptide comprises a 
mutation . 

73. The method of claim 70 wherein said test compound is an 
antibody . 

74. The invention substantially as disclosed and described. 
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Figure 7/1 
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Figure 7/2 
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Figure S 
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AGGGCGGGGGCGGGGGAG ACTCCCAAGGCTTCTGCGGGAATGCTCCGTGGGGAGGGC AGGCCCTGGG ATA 1470 

CTACAAGGCAGGGC ATCGGTGTTTCCCCCTGGCTCCCAAACCCCTTCCTCAACCCCCTCCCTGCTCCAGT 1540 

GGCTGAAAAAACCAAGGAACAGGCCTCACATCTGGGAGGAGCTGTGTTCTCTGGGGCAGGGAACATCGCA 1610 

GCAGCCACAGGACTGGTGAAGAGGGAGGAATTCCCTACTGATCTGAAGGTAAGCGATCCTTCTGACCCGC 1680 

AC ATGCAGGC AAACACAC ACACACACACACACACACACCXGGCACACAAATAAACCTGTCACCATCCCCG 1750 

17SO 1770 1780 1700 1800 1 810 1820 

' ' ' ' 1 ' ' « ' ' ' . . . t , . . . T , , . . I t . . . I . t i i I I t t I 1 I i I I 1 1 t I I I I t < I 1 i t 1 i ( r i t ■ 1 t t i . 1 

CCCCCCTAATCCTGCCACCAGCTTGGAACACAAGCCACTTTGCCTCCCATCCTGCXGGCCCGTGCTAGAC 1820 
TCAGCTCAGAATGCATCTGAATAAXGGCGTGCATGGGTGTGACGCTCCCGGTGATGGGGACCCAGACCTG 1890 
GCTGTCTGCGTGT ATCCTGCTTGCCAGCGTGACCCATATGACTTCTGGCCACGTCTGCATGTGTCAATGA 1960 
TTGTTCATTCATTTCTTTTCATTCAACAAATATCCATGCCAXAXCCAGCCCTGTCCTTGAGCTTCCAGXT 2030 
CCCTTTCAGCCXAGGGGAQCXTGAGGGTTATTTTTGGGGTCCCGATGCCCAGCACAGAGCCTGACACAAA 2100 
2UO 2120 2130 2140 2150 2160 2170 

.1.1 ttlflti T . , , , T , ! r . 1 . , . , f . . i t 1 . i t , I ; i I i 1 i i i i 1 i i I t I liiiliitilt.tfti f tit 

GGATGAGGC ATAAGCTGGTGAXTGAGTATCCAAATGGTGGAAGTGTGGAGGXTGCCAGGCATTGGGGGAG 2170 
CGGCGTGGAGAGCCAGCTCCCCAATCCATGCTGCCACTTCAACTGTGATTCGGGGGAATTTCCCCCTTCA 2240 
CCTCCATCCCACTTCCAAGGCACTCCAAATAAATAACTGAATTAGAAATTATCCTTGTTTTGCCAACCCA 2310 
CCCTAGCCTTCCCCACTCCAACCCACCCAAAGCTTACCACTGTGGGAATTTGGGGGGCATCCTGGCTGTC 2380 
CTCACGAGTCCTGACCTTTTCTGCCCACAGCCAGAGGAAGTGGCCCAGGAAGCTGCTGAAGAACCACTGA 2450 

2360 2470 2480 2490 2500 2510 2520 
. i i t ? I tttf 1 , « . * i . i ; . t , , t i t , . « ■ i » 1 1 1 1 . . i 1 1 # i i i i ■ ■ ■ i i « ■ . i i * , # . t . , , , i . , . . t 

TTGAGCCCCTGATGGAGCCAGAAGGGGAGAGTTATGAGGACCCACCCCAGGAGGAATATCAGGAGTATGA 2520 
GCCAGAGGCGTAGGGGCCCAGGAGAGCCCCCACCAGCAGCACAATTCTGTCCCTGTCCCTGCCCCGCCCC 2590 
CCAGAGCCAGGGCTGTCCTTAGACTCCTTCTCCCCAATCACGAGATCTTCCTTCCGCTCTGAGGCAACCC 2660 
CCTCGGAGCCTGTGTTAGTGTCTGTCCATCTGTCTGTCCTACCCGCCCGCGTCCAACCCCGGGGCATGGA 2730 
CAGGGCCAGGGTTGCGGTCGCGGCTGGGAGCCTCGCCCCTCCAGTGTTGCCTCCTCCCATCCAGCGTCTG 2800 
28 lO 2820 2830 2840 2850 2860 2870 

■' ' I I 1 I I I I ! ■ . . t t . , . , 1 . . , . I r t » r f r i i i I t I 1 1 I tttrl tritl tttil > « ] t 1 i , t , f , , , i I 

CGCG 28QA 
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Figuxe 9 

10 20 30 40 

t ( t i t > i i | i f « i I ■ * i i ^ « « i i 1 1 i i * ^ i ■ * i i i t i i i 

AGGGAGATCCAGCTCCGTCCTGCCTGCAGCAGCACAACCC 40 
TGCAC ACCC ACCATGGATGTCTTCAAGAAGGGCTTCTCC A 80 
TCGCC AAGGAGGGXGTGGTGGGTGCGGTGGAAAAGACCAA 20 
GCAGGGGGTGACGGAAGCAGCTGAGAAGACCAAGGAGGGG 160 
GTCATGT ATGTGGGATTACATTTTTTTTTTAAAGAAAGAA 200 

210 220 230 240 



.... i . . i i I .... i .... t ■■ i i l i i ' ' ' ' ' ' 1 1 ' 
T AAATT A ATTGTGATTAAAGTTG 223 



Figure 10 



10 20 30 40 

i « » i i i f--! tti-ititiittiii tiiil iiit I iit'l 

TTTTTTXAGGGGGGAAAACAGGGAATAXAAAAAX AXGGGG 40 
GGGGGTTTTTXXGGGGGGGGGGGGAAAAXGGTTXGGGGGX 80 
XAACCXAAAXAAAXXCCXAXGGGGGGGGXXAXTXAAXTTT 120 
TGGGAACCCAAAGCCCXAGGAGGATTTTTXGTXAAXAACG 160 
TXACCTCXAGTGGGXCGAGGAAGACCAAGGAAAXGCCCAA 200 

210 220 230 240 

.... i .... i ■ ■ ■ . i ■ . ■ • t .... i ■ i ■ ■ I i ■ ■ i I i i ii I 

CXCGGTTGAXCGAGGCTGTGGTGAACAXCGTXCAACXCTG 240 
TGCCCXCCAAXAXCGTGGAGGXGGGGGAGAACATCSCGGT 280 
CACCTCCGGGGTGGTGCGCMAGGAGGACTTGAGGCC ATCT 320 
KCCCCCCMACAGGAGGGTGTGGCATCCMAAGARAAAGAGG 360 
AAGTGGCAGAGGAGGCCCAGAGTGGGGGARACTAGAGGGC 40O 

410 420 430 440 

■ . . ■ i • ■ ■ ■ I . . . ■ i t > t . I t i i i i t ■ i i 1 i i i i I i i i i I 

TAC AGGCCAGCGTGGATGACCTGAAGAGCGCTCCTCTGCC 440 
TTGGACACCATCCCCTCCTAGCACAAGGAGTGCCCGCCTT 480 
GAGTGACATGCGGCTGCCCACGCTCCTGCCCTCGTCTTCC 520 
TGGCCACCCTTGGCCTGTCCACCTGTGCTGCTGCACCAAC 560 
CTCACTGCCCTCCCTCGGCCCCACCCACCCTCTGGTCCTT 600 

610 620 630 640 

itii|ftii1 , i i ■ 1 i t i i I i I i t I t i i i 1 i t i i I i r i t 1 

CTGACCCCACTTATGCTGCTGTGAATTT TTTTTTT AAATG 640 
ATTCCAAAT AAAACTTGAGCCCACTCC AAAAAAAAAA 677 
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Figure 11/1 

alpha- SYN exons 1 -2 



10 20 30 40 

, ■■■ i . .. . i .... i .... I ■ i ■ ■ » i i i i 1 ' ' ' ' ' ' ' 1 ' 1 

AATTTCAGCGATGCGAGGGCAAAGCGCTCTCGGCGGTGCG 40 
GTGTGAGCCACCTCCCGGCGCTGCCTGTCTCCTCCAGCAG 80 
CTCCCCAAGGGATAGGCTCTGCCCTTGGTGGTCGACCCTC 120 
AGGCCCTCGNTCTCCCAGGNCGACTCTGACGAGGGGTAGG 160 
GGGTGGTCCCCNGGAGGACCCAGAGGAAAGGCNGGGACAA 200 

210 220 230 240 

. . . ■ r .. .. I ... I .... I ■■■■ I i i i i I i i i ' I 

GAAGGGAGGGGAAGGGGAAAGAGGAAGAGGCATC ATCCCT 240 
AGCCCAACCGCTCCCGATCTCCACAAGAGTGCTCGTGACC 280 
CTAAACTTAACGTGAGGCGCAAAAGCGCCCCAACCTTTTC 320 
CCGCCT TGNNCCAGGC AGGCGGCTGGAGTTGATGGCTCAC 360 
CCCGCGCCCCCTGCCCCATCCCCATCCGAGATAGGGACGA 400 

410 420 430 440 

■ ■ . . i ■ . ■ ■ i • . ■ ■ ' » t ■ ■ 1 ■ t t ■ I i i i i 1 i i i ■ I i ■ ■ ■ I 

GGAGCACGCTGCAGGGAAAGCAGCGAGCGCCGGGAG AGGG 440 
GCGGGCAGAAGCGCTGACAAATCAGCGGTGGGGGCGGAGA 480 
GCCGAGGAGAAGGAGAAGGAGGAGGACT AGGAGG AGGAGG 520 
ACGGCGACGACCAGAAGGGGCCCAAGAGAGGGGGCGAGCG 560 
ACCGAGCGCCGCGACGCGAAGTGAGGTGCGTGCGGGCTCA 600 

610 620 630 640 

.... i ■ • • • ' . ... i .... I .... i ■ i i i t ' ■ i ' l i ■ ' ' I 

GCGCAGACCCCGGCCCGGCCCCTCCTGAGAGCGTCCTGGG 640 
CGCTCCCTCACGCCTTGCCTTCAAGCCTTCTGCCTTTCCA 680 
CCCTCGTGAGCGGAGAACTGGGAGTGGCCATTCGACGACA 720 
GGTTAGCGGGTTTGCCTCCCACTCCCCCAGCCTCGCGTCG 760 
CCGGCTCACAGCGGCCTCCTCTGGGGACAGTCCCCCCCGG 800 

810 820 830 840 

. ■ ■ . i . • • • ' ■ ■ • ■ ' • ■ • « 1 • • • • ' ■ ■ ■ ■ 1 ■ ■ ■ 1 1 1 ' ' 1 1 

GTGCCCCTCCGCCCTTCCTGTGCGCTCCTTTTCCTTCTTC 840 
TTTCCTATTAAATATTATTTGGGAATTGTTTAAATTTTTT 880 
TTTTAAAAAAAGAGAGAGGCGNGGAGGAGTCGGAGTTGTG 920 
GAGAAGCAGAGGGACTCAGGTAAGTACCTGTGGATCT AAA 960 
CGGGNGTCTTTGGAAATCCTGGAGAACGCCGGATGGAGAC 1000 

1010 1020 1030 1040 
.... i . ■ ■ ■ i .... i ... . i .... i ■ ■ .i I i i it 1 i i i i I 

GAATGGTCGTGGGNACCGGGAGGGGGTGGTGCTGCCATGA 1040 
GGACCGCTGGGCCAGGTCTCTGGGAGGTGAGTACTTGTCC 1080 
TTTGGGGAGCCTAAGGAAAGAGACTTGACC rGGCTTTCGT 1 120 
CCTGCTTCTGATATTCCCTTCTCCACAAGGGCTG AGAGNT 1 160 
TAGGCTGCTTCTCCGGGATCC 1181 



SUBSTITUTE SHEET (RULE 26) 



WO 98/59050 



PCT7US98/13071 



12/17 



Figure 11/2 



alpha-SYN exon 3 



10 20 

■ ■ ' ■ * * ' 1 ■ * ■ ■ ■ ■ 1 1 . i ■ i 




CTTAAAAGAGTCTCACACTTTGGAGGGTTTCTCATGATTT 40 
TTCAGTGTTTT T TGTTTATTTTTCCCCGAAAGTTCTCATT 80 
CAAAGTGTATTTTATGTTTTCC AGTGTGGTGTAAAGAAAT 120 
TCATTAGCCATGGATGT ATTC ATGAAAGGACTTTCAAAGG 160 
CCAAGGAGGGAGTTGTGGCTGCTGCTGAGAAAACCAAACA 200 
210 220 230 240 



GGGTGTGGCAGAAGCAGCAGGAAAGAC AAAAGAGGGTGTT 240 

CTCTATGTAGGTAGGTAAACCCCAAATGTCAGTTTGGTGC 280 

TTGTTCATGAGTGATGGGTTAGGATAACAATACTCT AAAT 320 

GCTGGTAGTTCTCTCTCTTGATTCATTTTTGCATCATTGC 360 

TTGTCAAAAAGGTGGAC TGAGTCAGAGGTATGTGTAGGTA 400 

410 420 430 440 
' 1 ' 1 1 1 ■ 1 1 1 1 1 1 ' 1 1 1 ■ ■ 1 ■ ■ • ■ 1 ■ ■ ■ ■ ' ■ ■ ■ ■ i • ■ ■ | | 

GGTGAATGTGAACGTGTGTATNTGAGC T AATAGTAAAAAT 440 

GCGACTGTTTGCTTTTCAGATTTTTAATTTTGCCTAATAT 480 

NTATGAC TTNTT AAAATGAATGTTTCTGTACTAC AT AATT 520 
CTATNTCAGAGACAGT 536 



■ ' ' ' ' ■ ' ' ' I ■ ' ' ' ' ■ ' ■ ■ I 
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Figure 11/3 

alpha-SYN exon 4 



10 20 30 40 
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CTGCAGGTC AACGGATCTGTC TCTAGTGCTGTACTTTTAA 10 
AGCTTCTACAGTTCTGAATTCAAAATTATCTTCTCACTGG 80 
GCCCCGGTGTTATCTCATTCTTTTTTCTCCTCTGTAAGTT 120 
GACATGTGATGTGGGAACAAAGGGGATAAAGTCATT ATTT 160 
TGTGCT AAAATCGTAATTGGAGAGGACCTCCTGTTAGCTG 200 

210 22C 230 240 

1 1 ' ■ I ■ ■ ■ ' 1 ' ' ' ' i ' ' ■ ■ I ' ' ■ < ' ' ■ ■ ■ I ' ■ ■ ■ i ■ ■ » • i 

GGCTTTCTTCTATNTATTGTGGTGGTTAGGAGTTCCTTCT 240 
TCTAGTTTTAGGATATATATATATATTTTTTTCTTTCCCT 280 
GAAGAT ATAAT AAT AT ATATACTTCTGAAGATTGAGATTT 320 
TTAAATTAGTTGTATTGAAAACT AGCT AATCAGCAATTTA 360 
AGGCTAGCTTGAGACTTATGTCTTGAATTTGTTTTTGTAG 400 

410 420 430 440 
1 1 ' 1 I i i i i I i i i i i i i i i i . i i i i i ... i . . . . i . ■ . . i 

GCTCCAAAACCAAGGAGGGAGTGGTGC ATGGTGTGGC AAC 440 

AGGTAAGCTCCATTGTGCTTATATCAAAGATGATATNTAA 480 

AGTATCTAGTGATTAGTGTGGCCCAGTATCAAGATTCCTA 520 

TGAAATTGTAAAACAATCACTGAGCATCTAAGAACATATC 560 

AGTCTTATTGAAACTGAATTCTTTATAAAGTATTTTT AAA 600 

610 620 630 640 

TAGGTAAATATTGATTATAAATAAAAAATATACTTGCCAA 640 
GAATAATGAG 650 
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Figure 11/4 

alpha^YN exon 5 



10 20 30 40 

>^f*liit»T ttrtft^itl itttl ri.tt >«> T f 

ATATCTTAGCCAAGATTCAATG TTTGGTTGAACCACACTC 40 

ACTTGACATCTTGGTGGCTTTTGTTTCTTCTGACCACTCA 80 

GTTATCTATGGCATGTGT AGATACAGGTGTATGGAANCGA 120 

TGGCTAGTGGAAGTGGAATGATTTTAAGTCACTGTTATTC 160 

TACCACCCTTTAATCTGTTGTTGCTCTTTATTTGTACCAG 200 

210 220 230 240 

* ■ ■ 1 * ■ 1 * 1 I ■ 1 1 ■ 1 1 1 ' ■ I ■ 1 ■ ■ 1 ■ ■ ' ■ I ■ ■ ■ » * * ■ » ■ I 

TGGCTGAGAAGACCAAAG AGC AAGTGAC AAATGTTGGAGG 240 

AGCAGTGGTGACGGGTGTGACAGCAGTAGCCCAGAAGACA 280 

GTGGAGGGAGCAGGGAGC ATTGCAGCAGCCACTGGCTTTG 320 

TCAAAAAGGACC AGTTGGGCAAGGTATGGCTGTGTACGTT 360 

TTGTGTTACATTTATAAGCTGGTGAGATTACGGTTCATTT 400 

410 420 430 440 

' * ■ ■ 1 ' ' ■ ' * ■ i ■ ■ i ■ ■ ■ ■ i ■ . i . t ■ ■ . . i i ... i .... i 

TCATGTGAAGCCTGGAGGCAGGAGCAAGATACTTACTGTG 440 
GGGAACGGCTACCTGACCCTCCCCTTGTGAAAAAGTGCTA 480 
CCTTTATATTGGTCTTGCTTGTTT 504 



ouAl IA 
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Figure 11/5 

alpha-SYNexon 6__ 



10 



20 



30 



40 



1 ■ 1 ' 1 



oon 240 



210 



220 230 

' ,| 1 I T I 1 ' ' f - L 



I I 1-1- 



III 

r tt a at TTTTCT AAC AAGACAGT ACCAAAAACCTGT C ATT 360 
GT^AclTTT'cTC^fT^AGTGCTTAGTGAGAATCATTT .00 

mo 420 430^ wo 

^TrlrTfiriTrrTCATTACGTGGACAACTTGCAAGTTAA 440 
^T^ttttt atatttttaaAGGGTCCTT AAAAAAAAAG 480 




TTGAC^CTTTACAGGAAAA^ *> 

610 620 630 640 

i ! , I . . . ! | | - » ' * ' ' ' * 1 1 1 1 1 1 

' !J,1 ItItatttttTTGCAAAAACATTGATTGTAAATTTT 640 
AGTGTAAAGTGGGGAGCCAT^ 

CAGTGCTGATGCGTAATTGAAACTTATACTAACAGTGTGT 720 
GCTGTCT 727 
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TTTTGATTTTTCTAATATTAGGAAGGGTATCAAGAC T ACG 40 

AACCTGAAGCCTAAGAAATATCTTTGCTCCCAGTTTCTTG 80 

AGATCTGCTGACAGATGTTCCATCCTGTACAAGTGCTCAG 120 

TTCCAATGTGCCCAGTCATGACATTTCTC.AAAGTTTTTAC 160 

AGTGTATCTCGAAGTCTTCCATCAGCAGTGATTGAAGCAT 200 

210 220 230 240 
* • ■ ■ 1 'till . , . , i , , , . i .... i , ... i .... i .... i 

CTGTACCTGCCCCCACTCAGCATTTCGGTGCTTCCCTTTC 240 
ACTGAAGTGAATACATGGTAGCAGGGTCTTTGTGTGCTGT 280 
GGATTTTGTGGCTTCAATCTACGATGTTAAAACAAATTAA 320 
AAACACCTAAGTGACTACCACTTATTTCTAAATCCTCACT 360 
ATTTTTTTGTTGCTGTTGTTCAGAAGTTGTTAGTGATTTG 400 

410 420 430 440 

' ' ■ ■ 1 ' ■ 1 1 * ■ • ■ • ' ■ ■ ■ ■ * ■ < ■ ■ ' ■ ' ■ ■ i ■ ■ ■ ■ ' ■ ' ■ ■ * 

CT ATCATAT ATTATNAGATTTTTAGGTGTCTTTT AATGAT 440 
AC TGTCTAAG AATAATGACGTATTGTGAAATTTGTTAATA 480 
TATATNATACTTAAAAATATGTGAGCATGAAACTATGCAC 520 
CT AT AATACTAAATATGAAATTTTACCATTTTGCGATGTG 560 
TTTTATTCACTTGTGTTTGTATATNAATGGTGAGAATTAA 600 

610 620 630 640 

' 1 1 ■ 1 ' ' ■ ' * ■ ■ » ■ 1 ■ * ■ ■ * ■ ■ ■ ■ i ■ ■ ■ ■ I ■ ' ■ ■ I > ■ ■ < i 

AATAAAACGTTATCTCATTGCAAAAATATTTTATTTTTAT 640 

CCCATCTCACTTTAATAATAAAAATCATGCTTATAAGCAA 680 

CATGAATTAAGAACTGACACAAAGGACAAAAATATAAAGT 720 

TATTAATAGCCATTTGAAGAAGGAGGAATTTTAGAAGAGG 760 

TAGAGAAAATGGAACATTAACCCTACACTCGGAATTCCCT 800 

810 820 830 840 

1 ■ ' ' 1 1 1 1 ' I ■ ' « ■ 1 ' ■ ■ ■ 1 * « * ■ 1 ■ ■ ■ ■ 1 ' ■ « ■ ' ■ ■ ■ ■ ' 

GAAGCAACACTGCCAGAAGTGTGTTTTGGTATGCACTGGT 840 

TCCTTAAGTGGCTGTGATTAATTATTGAAAGTGGGGTGTT 880 

GAAGACCCCAACTACTATTGTAGAGTGGTCTATTTCTCCC 920 

TTCAATCCTGTCAATGTTTGCTTTACGTATTTTGGGGAAC 960 

TGTTGTTTGATGTGTATGTGTTTATAATTGTTATACATTT 10O0 

1010 1020 1030 1040 
1 i ' ■ » i ■ ■ t 1 i ... i ... . t ■ ■ . i , , . . i . . . . i 

TTAATTGAGCCTTTTATTAACATATATTGTTATTTTTGTC 1040 

TCGAAATAATTTTTTAGTTAAAATCTATTTTGTCTGATAT 1080 

TGGTGTGAATGCTGTACCTTTCTGACAATAAATAATATNC 1 120 

GACCATGAATAAAAAAAAAAAAAAAGTGGGTTCCCGGGAA 1 160 

CTAAGCAGTGTAGAAGATGATTTTGACTACACCCTCCTT A 1200 
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Figure 11/7 



alpha-SYN exon 7 



1210 1220 1230 1240 

. . ■ ■ i ■ 1 1 ■ t ■ t . 1 1 . . 1 1 1 1 ■ . ■ i ■ ■ 1 1 1 < 1 1 1 1 — 1 1 1 1 1 

GAGAGCCAT AAGACACATTAGCACAT ATTAGCACATTCAA 1240 
GGCTCTGAGAGAATGTGGTTAACTTTGTTT AACTC AGC AT 1280 
TCCTCACTTTTTTTTTTTAATCATCAGAAATTCTCTCTCT 1320 
CTCTCTCTTTTTCTCTCGCTCTCTTTTTTTTTTTTTTTTT 1360 
TTTTACAGGAAATGCCTTTAAACATCGTTGGGAAC 7 ACCA 1400 

1410 1420 1430 1440 

■ t ■ ■ I ■ ' ■ ■ 1 t . ■ . I . ■ ■ ■ I ■ i ' • I t t ■ ■ I i i ■ i I i r l ■ I 

GAGTCACCTT AAAGGGAGNATCAATTCTCT AGGAC TGGAT 1440 
AAAAATTTC ATGGGCCTCCTTTAAAATGTTGCCC AAATAT 1480 
ATGGAATTCTAGGGGTTTTTCCNTAGGGGGAAGGGTT1 TT 1520 
TCTCTTTTCNGGGGAGGATCCTTTTAACNCCCCNGGGGGG 1560 
NGCCCGGAAAAT AAACTTGGNGGGGGGGNAAAAC T T 1 596 
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